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D E D ZCA TE D TO THE S A CR E D TRE EO FTHE LFA P ANESE
T he a utho rsha v ededic atedthis m o n ogr aphtoSaku r a,the s a c redtre e oftheJapa n ese.
‥
Since the che rfγj7o we rs blo om very briejTy a ndthen scatter, they ha v e also beco me a
co nvenie ntsymboloftheJapa nese esthetic se n s e, a n ephe m e r al be a uty.
”
- M ats uda Os a m u
"Ifsom e on e wishe sto kno wthe esse n c eofthe Japan es e spirit, itis thefragr ant che r7y
blo ss o min the e a rly m orm ng.
”
- M oto o ri No rin aga
''In the olddaysthe w aytheblos soms die withgo odgra ce was metaphoricallycompa redto
the s am u raichivalyy.
”
- Mas a oM in ato
As kn o w n
,
Sakura tr e e(Pr u n us spp. fr o mRo s a c ea fa mily)gr o w s wild in m o u ntain s of
Japa n; a nditis als o c ultiv ated thr o ugho ut the c o u ntry. The v ariety ofthis spe cie sin
agrl Cul山r ein clude s abo ut300s ub- spe cie s. But this spe ciesiskno wn n otbe c au se of its
e con o mic v alu e, but r ather as a n e sthetic symboloftheJapa n es e. Du ringthe Heia nperiod
(794- 1185), the popula r symbol of cherry blo ss o m s w as s u ch that the w o rd
"ha n a”
(flo w er)w as simplytake n a s a symbol for
"
Saku r a
”
(Mats uda Os a m u, 1983).
A phe n ologlC al m ap ofSaku ra- cherryblo s s o mfr o ntis sho w nbythe m ap glV e nin Figu r e
1(Ma s a oM in ato, 1977). Thelin e sthatlinksthedays whe ntbe 丘rst cherryblos s o m sar e
obse rv ed is called " s aku ra - zens e n”
,
the cherry blo ss o mfr o nt､ Full blo o mis u s u ally
obs e rv ed 5- 10days afterthe no w e rl ngday. Duringthepe riod fr o mM ar chto Aprilthis
fr ont m ov e sgr adu allyfr o m s o uthe rn ar e as ofJapa nto n orth indic atlngthe c o mingOfspn ng･
A m ollgthepe ople of Japa n, che 汀yblo s s o m vie w lng, kn o w n a s
"
ha n a mi
”
,
is ve ry popular･
Pe ople partlClpate Sin e x.c u r sio n sandpic nics;and in s o m epla c e s且ow er- viewlng partie s
ar eheldon tr aditio n allye stim ated date s a c c o rdingtothelu n ar c ale ndar. T his c u sto m s was
probably deriv ed fr o mthe a n cie nt agri c ultur alpr a ctic e o nthe begin n lng Of sprl ngfar m
a ctivity. In April, us u allyr adio andtele visio n statio n sho u rlyrepo rt o ntheblo s s o m lng ocal
cherrytr e e s.
But the enjo yme nt Ofche rrytre e sin fu ll blo om is shorト1iv ed･ So m etim e s che ryblo s s o ms
ar eblo wn a w aybystr o ng winds, s o o氏e n o c c uIT edin spring･ Dais ets uSu z uki(1988)said
about thata rtistic ally:
Theplum blo ss o m sjTallinthega rde n;
Ar ethey r e allysn ow -jlakes
Flo atingfro mthe sb)?‥
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Figtlr e1 -C herry-blo s s o mfront m arches no rth. Lin eindic ate the sa me flow eringdays of
cherryblo ss o ms. Full blo om is u su ally5-10 days afte rtheflo w eringday
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AC 監NO W K,EE)G鼠関取N甘S
The a utho rs m u st tha nktw ogr adu ate stude nts ofChiba U miv er sity, Mr. M its uhikoEbata
forhis c o ntributio n ofphe n ologlCala n alysis a nddatapr o c e ssl ng' a ndMr. Jo s eE dgardo
A ba nforhis editnga ndlayo ut w o rk.
野鼠鼠FA C 取
Sea s o n ala spe ctisthephysiogn o my ofv egetatio n･ Fr o mthebeginn lng Ortim e, a nykindof
hu m a n a ctivitie s w as c orr elated with sea s onalcha nge s ofv egetatio n. Se as o n alindic ato rs of
hu nting, fishing, c olle cting wildfruits, etc･ were w ellkno w nto hum a nbeings at the
beglnnlI唱 Ofciviliz atio n.
Fro m 25 0
, 0 - 3 00, 00pla ntspecies, kno w ninthe wo rld, c o mbinatio n s ofthe mfo r m a
v arietyors e a s o n alaspectsin e a chla nds c ape･ Redu ctio n ofthe n u mberorspe cie s u nderthe
impa ct of m a nha sledto change s ofs e a s o n al aspe cts･ In ste ad of m ultic olour ed s e as o n al
aspects, s ople as a nt to hu m a n ey s, n e w m o n oto n o us a spe cts of natu re arise. T he s e ne w
a spe cts char acteriz e m o r e simple structu r e ofpla ntc o m m unitie s.
Atpr esent tim e, cycle s ofthe s e a s o n alde v elopm e nt of n atu r eplay a nimpo rta nt r olein
m a nybr a n che s orthe n atio n ale c o n o myl n allco u ntrie s of 仇e w o rld･ Phe nologylS n otO nly
s cie n c e
,
but als opr a ctic ein agrlC ultu r e a ndfbre stry･ The tim eofs o w l ng a nd har v e sting
agric ultu r al c r ops depe nds upon the kn o wledge ofthe s e a s o n al cycle s of natu r e. All
m e as u r es on pr ote ctio n a nd e xploitatio n of for e st ar e als o c orr elatd witha phe n ologlC al
statu s oftre espe cies･ Cr e atio n of big populatio n agglom e ratio n s a nd co n stm ctio n orn e w
indu strialpla ntsle ad a s a mletothe cha nge orthe s e a s o n alcycle s orn atu r ebe c a u s e orthe
cha nge of mic r o clim ate a nde n vir o n m e ntalpollutio n.
Cutting the for e st a nd distu rbing the de s e rt v egetatio n a rethe r e a s o n sin cha nge s of
s e as o n ala spe ctsin v a stgeogr apbic alr eglO n S･ Thes ech皿geS C a nbe u s eda sindic atorsby
the a ss es sm e nt orla nddegr adatio nbyre m ote s e n slng･
1
Sta rtingl nthe early 1990s, c o mpo site v egetatio nindex, kn o wn asN or m aliz ed Differ e n c e
Vegetatio nlnde x(N D V I)is u s edto r egister s e a s o n alv riatio n sin pla nt vigor･ Co mple x
global ND V Ic o v er ageispo ssible e v eryday･ N DVIdataha v elo w e r v olu m e a ndlo w c o st to
be co血par ed withotherte chnic alsyste m s ofEa rthobs e rv atio n s;s othe s edata c a nbe usedto
studylarge ar e a s ofthe w o rld.
W e c o n siderthisbo oka sthe furtherde v elopm e nt ofo u rpre vio u s a ctivitie s o n as s e ss m e nt
a nd m appingde s ertiflC atio n. W e m et o n epr oble m - s e a s onalitシbec a u s e as e a s o n al effe ct
c a nha v e a s lgnflC a ntimpa ct o nim age ry･ In spite
'
of sm al gr o u nd r e s olutio n, ND V I
im age ry, e v e nin the de s e r亡 z o n e, is clo s ely c o 汀elated with pbe n ologic al status of
e c o syste m s･ So, w eha v edo n ethe n e xtstepl ninterpr etatio n oftheim age ry - a ss es s m e ntof
s e a s o n alasp
.
e ct ofv egetatio nbyN D V Iim agery
Co n v ertedto1 0 days o r m o nthlydata s ets, N D V Ic a nbe u s ed as a c rite rio nf♭rdes c rlptio n
of s e a s o n al aspe cts of v egetatio n･ Co ntr ary to phe n ologic al spe ctr a, char a cte rizing the
s e a s o n al de v elopm e nt ofsingle pla nt spe cie s, N DVIspe ctr a c a ndesc ribe the periods of
s eas o n alde v elopm e nt ofn ature within o n epi x el,for ex a mple: winter a spe ct,le afgr o wth,
s u m m era spe ct, golde n a ut m n, etc･ Itis a n e wtype ofphe nologic al info rm atio n whichc a n
be us ed for the m atic m appl ng a nd a ss e ss m e nt ofhu m a n-indu c ed cha nge sinn atur al
e c o syte m s.
The s e c o ndpr oble mdis c u ss ed inthebo ok c o n c erns the gr o u ndtruth c olle ctio n･ Askn o wn,
this proble m alw ays glV eSm u chtr o uble to la nd m a n ager sde aling with c o mpilatio n or
the m atic maps by re m ote s e nsi ngdata･ W eha v e c o mpileda databa s e o ngr oundtmtb o n
de s ertifl C atio ninthe c o u ntrie s of Asia.
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1.且. 瓦n七r odu c也o m
Whatis phen ology? Many br a n che s ofhu m a n a cti vite s a reclo s ely c or related with the
s e a s o n al rhythm s orpla nts. In a n cie ntdays, s e a s o n al e v e ntsin n atur e w e r e u s ed as a
tim eple CeS tO m arkthe pa ss age oftim e･ An cie nthu nters a nd shepherds w er ethe flrSt
pe ople whoin v e ntedthis clo ck･ Se as o n al indic ato rs ofagric ultu r al w o rks a restill being
pr a ctic ed a ctu allyto n o w･ A ･ S･ Er m olo v(1905)gather ed m a ny phe n ologic alsign s which
be c a m epr o v erbial in Rus sia, for e x a mple :
H
Perchbiteswhe nSw e et Brierblo s oms
”
,
"
Sow oats whe nthe Bird C*rTybeginsto blo ss o m
”
,
"Iftheleafc olo ratio ntakesplace
e arlyin a utu m n, thegra ss willappe a r ea rly n extyea r
”
,
eta.
M ode rn agrlC ultu r e,fo r e stry a nd m a ny othe r a spe cts c ontributingto n atio n ale co n o mie s,
dire ctly orin dir e ctly depe nd upo nthe s e a s o n al cha nge sin n atur e, a nd n e ed objectiv e
criteria a s w ellas indic ators v血ich dete min ein m o st c as e sthe 丘nalre s ults orbu m a n
a ctivite s･ Oc ular phe n ologic al observ ation being a cla s sic al m ethod for studying
s e a s o n alrhythm s of pla nts
'
,
do e s n ot s atisfy,in m a ny c a s e sthe n e eds ofthes ebr a n che s.
Am o ngthe sbo rtc o m l ngS a nde 汀 O rS Ofthe o c ular m ethod shouldbe m e ntio n edhe re :
1･ On e ofthe c o m m o n err or s ofphe n ologlStS W a sthefa ct that theydidn
'
t distinguish
純
abs olute points
' '
and Hr elativ epoints
H
by c o ndu cting pbe n ologic al obs e r v atio n s.
…
A bs ol山 e points
M
r egiste r the n umbe r ofpla nts c o m l ng l ntO pha s e, a nd
H
relativ e
points
門
r egistertheper c e ntage ofpla nts com ingintophas e･ For e x a mple, no w erlng
Bird Cher ry(Padus sp･) inm a ny r egio n s ofEu r ope a nRu s siaisthe
■
indic ato r ofa
s uitabletim efo rplanting potato e s(V . A . Batm a n o v, 1961). But thisindic atoristru e
o nlyby m a ssno w e rl ng Ofthispla nt, whe n5 0% a nd m or epla nts co m einto phas e･
SingleBo w er s appe arl nginthebegl n n lng Ofthephas edo n otindic atetheprope rtim e
forpla ntingpotato e s.
tt'L2･ Oc ular e stim atio n ofphpn ologic alphas esdo e苧n Otgiv岳･-objectiv e r e s ults be c a u s e
obs e rv e rs ofte nha v ediffer e ntide as abo ut s u ch c ategorie slike phe n ologicalphas e,
m as spbe n ologic ale v e ntetc･ So,the r e s ults ofpbe n ologic alobs er v atio n s c o ndu cted in
differ e ntge ogr aphic alr eglO n S ar e n ot alw ays c o mpar able･
3･ On eofthe fals e c o n c epts ofo c ula r obs e rv atio nin clude sthefolo w lng POint･ Ifa n
obs e Ⅳ e rdidn ot reglSter血etimlng Ofapbe n ologic ale v e ntin day 〟 a ndr eglStered
itin day b, did it m e a nthat thisphe n ologlCalev entr e ally o c c u rr edin day b?On e
had n o right to as s u m ethis･ Butin pr a ctic e, this situ atio n co uld be a c c epted, a nd b
co uld be c o n side r eda sthe r e altim e ofr egistr atio n ofaphe n ologlC alevent･ Butinfa ct,
the m ostprobabletim e ofs u cha n e v e nt x m aybe e stim ateda s :
α ＋ あ
〟 ≡ - - - 一 - - - - - -
2
肋 nito ringofSea so n alC ha nge s ofVTegeta(io n ByN O A AJA V H NData
Tw o c o n clu sio n s ca n be dr a wn 鮎 m this fo r m ula, n a m ely : a)･ The ac c ur a cy of
obs e rv atio ns ca nbeimproved ifthe tim einte rv al betw e e ntw o obs e rv atio n s will be
r edu c ed
,
b)In thetable s ofphe n ologicalobs e rv ati?n s, tw o date s sh9uld be giv e n : o ne
date whe n apbe n ologl C ale v e nt w as n otr eglSte red a ndthe s e c o nd date, whe n a n obs e Ⅳ e r
r egiste redthedate.
Intr odu ctio n ofthis pr opo s al c a nimpr o v ethe a c c u r a cy of phe n ologl C al info rm atio n,
Ru ssiaTPhe n ologist V･ A･ Batm a n o v(1961, 970)had dev eloped n e wpr opo s als fo r
impro vlng the a c c u r a cy of phenologic al info rm atio n･ T he appro a ch is kno w n a s
m athe m atic al phe no且ogy･ Applic atio n ofthe m athe m atic al m ethods in phe n ologl C al
obs e rv atio n s n e eds aspe cialclari fl C atio n ofter m sgi v e nbelo w.
1･ヱ･ Te r min ology
P ho n ologicalT1
'
m e(P E T) isthe mo st a n cie ntsyste m oftim e r egistr atio n, n otbas ed o n a
sta nda rd c ale nder･ P HIT is alo c alphe n o m e no ･ By phe n ologlC al in v e stigatio n An cie nt
Tim e(A T) c a nbe expr es s ed in the days of phe nologic al m odel(cu m ulative gr aph,
e xplain ed belo w),itis a n u mber ofc o n v e ntio n aldays betw e e ntw o r elativ ephe nologic al
points,fo r e x a mple betw e e n25- 5 0% ofphe n ologlC al bo u ndary･
O bs e r v ation unit(O U)is aunitofobs e rv atio n a nd c o u nting. Differ e ntO 町c a nbe s ele cted
depe nding upo n apu rpo s e, s c ale a ndspe cifl C r equir e m e nts Ofa pr ojeCt･ O U c a n
includelthe pla nt as a whole, pa rts ofsingle pla nts(o n ele af, o n emo w er, o n ebra n ch),
gr o?p ofpla nts (for?Ⅹa mple squ ar e, 1Ⅹ1 m in siz e bystudying gr a s s e s)I Inphe n ological
m applng, O tJc a n In cludepla nta s s o ciation,la ndsc ape umits or squ ar e ofdiffer e nt siz e,
depe nding9nthe s c ale ofphe n ologic als u rv ey･
P he nologic alpha s e(T P)is astage of o ntoge n etic de v elopm e ntin pIAnts distingvished
thr o ugh m o rphological fe atu r es(bud bu rsting, flo w ering, 1e afing o ut , a utu m nalle af
c olo r atio n,le af･fa11, etc･)I Alls u chphen ologic alphas es c a nbe cle arlyide ntifieda ndca nbe
do n eby obs ervers of middle- e v el edu c ational attainm e nt･ Thisis v ery I mporta nt by
imple m e nting phe nologlC al n ets･ P P sho uldbe ide ntifled togethe r with phe n ologl C al
bo u ndarie s whicha r e e xplain ed belo w.
P he n ological bo undary(P B)is an e wte rm
.
pr opo s edbythe m athe m atic alphe n ology･ Itis
a pr edete -in ed sta仙s within apbe n ologlC al pbas e･ Tw o e x a mple s gl V e nbelo w c an
e xplainthiste n .
塾 地 主 Thr e e obs e rve rsha v e c o ndu ctedphen ologlC al obs e rv atio n sin o n eday ln
thr e esepar atepoints - 1, 2, 3(Figu r el･2･1)･ Thebegin ning ofthe pha s e a andthe
･ e nd ofthe phas e･b o c c u rr ed in differ e ntdays･ Butby o cular estim atio n the s a m e
pha s e w as r eglSt r ed inthre epoints :inpol nt1 it w a sthe begin nl ng Ofthepha s e,in
point2 itw astheheightofthepha s e a ndin po lnt3 it w a sthe e nd ofthepha s e. The
r e s ults ofthe s e obse rvatio n s w er efals ebe c a us ethe P B w a s n otide ntifled(V. A.'Batm a n o v
,
1971).
塾 些聖女之 On2 No ve mber1977, N ･ G･ Kharin etal一(1 981)co ndu ctedphe n ological
obs e rv atio n so nle afc olor atio n of Ac er tu rc om anicu m inthe viclnlty Of Ashkhabad,
Tu rkm e nista n･ Obs e rv atio n sw er e c o ndu ctedinthr e e e xperim e ntalplots, e a ch 0.5ha
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Figtlr e1.2.A. Hypothetic alobs e rv atio n s c o ndu ctedbythr e e obse r v er sduringo n eday(V.
A . Batm a n o v
,
1 971)
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insiz e. The r e s ults ofthe s e obs e rv atio n s ar egi venin 甘able且.2｡且. Ifw epr edete r min e
differe ntP B, the n u mber oftrees with le afc olor atio n will be differe nt. So, ifP B<
25% o nly11trees onthe s a mpleplot w e r e c o n sider eda stoha v e cha ngedtheirle af
c oloratio n. ButifP B>25%,42tr e e s w e r e c o n sidered a s c o mingintopha s e(20＋ 17＋
5 - 42), etc.
Table1.2.1
Ther e s ults ofobs er v atio n s o nle afc oloratio n ofAc e rtu rcom a nic um , 2 No v e mber19 77
(N . G. Kharin etal. , 19 81)
P B(per c9ntage Of Nu mber oftre es cros s ed ov ertheP B
1e afc olor atio n) Sa mpleplotI Sam ple plot2 Sam ple plot3
< 25 l l 8 5
25- 5 0 2 0 9 ll
50- 75 17 18 28
75- 100 5 20 30
Total 53 55 74
P Pa nd P Bsho uld beide ntifl edtogether. An e x a mpleisgl V e nin Table 1.2.2 whe n
both crite ria w e r e e stim ated fo r o n etr e especies by c o ndu ctlng Phe n ologlC al
obse rvatio n sin the Firyu z a e xperim e ntal ar e a, Tu rkm e nista nin 1977. On etr ee was
ide血tifiedas a nO 町.
Table1.2.2
P Ba nd P PofCer cisgrl
'
伊thi(N . G. E血arin etal., 1981)
P h占n ologic al pha s e s P B
Vegetativ e
Swellingthebuds In c r e a s e of budsriz eby25%
0pen lngle afbuds Ap pear an c e ofthele aftip･
Le afing Fir stfullyfo rm edgr.e e nle af
Le afcolo r atio n Cha nge ofle afc olor o n5 0% ofle a v e s
Le affall 5 0% 1eaffa11ofa singletre e
Ge n e r ativ e .
Sw ellingflo w erbuds In c r e a s e of n w erbudsin siz eby25 %
Flow e rlng Appe a r a n c e ofthefir stfully ope n ed Bo w e r
Fo r m atio n ofo vary Appe ar an c e ofthefir stfulyfor m edgr e e nfruit
Fruitripe n lng. UnifTo rmbr o wn c olor ofthe wholepod
Phen oLogic atfl'eq〟et Wy distribFtion gl･aPhs sho w the distributio n oftho s eOUs which
ha v e c ro ssed o v e r aP B･ No rm al distributio nis m o stoRe n u s ed as a m odelby pr o c e s sing
phe n ologic al info rm ation. This type of statistical distributio nis n ot a u niv e rs al la win
n atur e(G･ I･ Yule a nd M･ G･ Ke ndall, 1 95 0),but the Ga ussian gr aph cha r a cte riz e s as a
rule, a n o rm alphe n ologic alpr o c e s s e sp ciallyifw e study agr e at n u mbe r ofODs(V.A .
Batm a n o v
,
196l
,
N･ G･ Kharin, 1976). Ifapr o c e ss w asdisturbedbye n vir o n m e ntalfactor s,
thephe n ologic al 丘equ e n cy gr aphc anha v e a n abno rmalfo rm, a s sho wnin Figtlr e1･2.2.
C hapte r1 Field P he n ologic a1 O bs e rv atio n s a nd P he n ological Mapplng
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Figu r e1.2.2. The m ost c o m m o nfo rm s of phe n ologic al &equ e n cy gr aphs : a
- n o rm al
pro c e ss,b- a c c el r atedpr o c e ss, c
-lo wpr o c e ss,d- pr o c e ss a c c eler atdin
the begln n l ng Ofthe pha s e, el)r O C e S S ac c ele rated inthe e nd ofpha se,f
-
re v er s edphe n ologic alpr o c e s s(N. GI Kharin etall , 193)･
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Phc n o a n o m a[v r epre s e nts the 月･u ctu atio n of a n n u al phe n ologl C al date s 鉦o m a m e a n
a n n u alo rfro m other r elativ e situatio n.
Ecoa noM3alyis the diffe re n c eb tw e e nthe timing ofa phe n ologlC al pha s ein agi v e n
e c ologi c alsite a nd a r elativ e
"
z e r opoint
”
･
Pho n ologic al m odel is a m odelof phe n ologlC alpha s edyn a mic s, giv e nin tabularo r
gr aphic al fo r m. A phe n ologl C al m odelis c alc ulated on thebasis oflo ngte r mphe n ologlC al
obs e rv ation s.
ThejitTSi empiricalgr aph is the ogiv e(cu m ulativ e舟eque n cy distributio ngr aph)丘o m
m a ny ye a rs ofphe n ologlC alobs er v atio n s. Itis c alc ulatedbyinte rv als of 5- 10%.
The s e c ond empiricalgraph isthe oglV e Ofoneye ar
'
s obs e rv atio n s. Itis c alc ulated fo r
o nephenologl C alphase. An e x a mple ofthisgr aph isglV e nin Figtl r el12.3･ O bs er v atio n s
wer e c o ndu cted o nthe no w erl ng Pha s e of Colutes buhs ei in the Ce ntr al Kopetdag
Mo u ntain s
,
Tu rkm e nista nin 1977(N . G . K harin et al. , 1981). The m ain ele m e nts of th is
gr aphar e sho w n. M edia nistheinde x ofm as stim l ng O tJs into aphase. In c ase ofnorm al
distributio n, the m edia n a ndthe m e a nba v e血e s a m e v alu e s. But 也e m edia n ca nbe
e stim atedgr aphic aly, which m ake sit m or e u s efu l in phe n ologic al in v estigatio n s･ M edia n
c a nbe c alc ulatedinthefieldwitho utc o mputer.
P het70logic al m ap IS a m apln Which is ophe n es sho wthedife r e n c e sinthetim lng Ofthe
phe nologic ale v e nts o ntheterito rytobe m apped･
Mt
'
nim al ar e ais a minim alm apping u nit whichsho w sthediffer e n c e sin tim i ng Ofthe
phe n ologic ale v e nts betw e e nthe､parts ofthete mJorytobe n apped.
P he n ologic al inte rv alr eferstothe n u mbe r ofdaysbetw e e ntw ois ophe n sin aphe n ologlC al
m ap･
Map ofe c o a n o m aliesis a m apin wlhichisolipes shoヰthediffe r e n c e sinthetiming ofthe
e c ologic ale v e nts withre spe ct to abas e m odelofm a ny ye arsdu r atio n, o r丘o m a ny other
r elativ e`
`
z er opoint
”
.
Pho nologic al vayiabilio, refe rs to v a riationsin the timing ofthe phe n ologic al e v e nts,
betwe entheindividu als ofapla ntpopulatio n o rbetw e e n co mm unities, undertheinfhe n c e
ofbiologicalo r e c olgic alfactor s. T he m aintype s ofphe n ologic alv a riabilityaresho wnin
Figu r el･2･4(M ･K . Kupriya n o v a, 1974).
Pho nological gradie nt is a c o eficie nt which sho w sthe v ariatio n ofthe tim ing Of
phe n ologicale v e nts ac cordingtolatitude, lo ngitude a ndelevatio n abo v e s e ale v el. N. G.
ELarin(1966)calc ulated phe n ologic algr adie nts ofthe-beginning.ofgr o wth ofSa x a ul
(Halo砂lo npersicu m)inthede s erts of Ce ntr al As ia(Table1.2.3).
Tablel･2･3 de mon str ate stheinfhe n c edfe n vir o n m e ntal fa cto rs o nthegr o wth ofSa x a ul.
Bythe m o v e m e nt&o m southto n o rth, thisphe n ologic alpha s eis obs e rv ed to o c c u r2.0 -
3･O dayslaterperdegr e e ofthe latitude･ Byin c re as e ofthe altitude per10 0m eter s, the
pha s eis als o obs e rv edto o c c u r2.0 - 2.4 days later. Theinflu e nc eofthelo ngitude can be
n egativ e o rpo sitiv e(- 0.4 or＋ 0.4day).
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FigⅦr e1.2.3. The s e c o nde mpiric algr aph offlo w e n ng Colutesbuhseiin Ce ntr al
Kopetdag, Turkm e nista n(N. G. K harin etal., 1981).
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Figur el･2･4･ T he types ofin n e rphe n ologic al v ariabilty of pla nts･ ト v ariatio n of
phe n ologic alindic ators du ringthe s a m etim e, 2- variatio n ofphe n ologlC al
indic ator sinthe s a m e spa c e(M . K . Kupriya n o v a, 1974)
C hapte r1 FL
'
eld P he n ologic a1 O bs er v atio n s a nd P hen ologic al Mappt
･
ng
甘ab且e 且｡2.3
P henologlC algr adie nts ofthebegin n ing Ofgr o wthofHaloxylo npe rsic umin thede se rts
of Ce ntr al Asia(N. G. K harin, 196)
汲egio n s La社長紬d畳m ai, 乱o ngi紬 朗na且, E且e v atio n a且,
m u mbe r of m tl mbe r mtRmわc r of
dayspe rl
o
of dayspeTl
o dayspe TIO¢m
Muyu nku m ＋ 2.5 ＋ 0.4 ＋2.4
Balkha sh Lake
Regi o n
＋ 2.0 ＋ 0.4 ＋2.4
Southe ast Kar aku m ･ ＋ 3.0 - 0.4 ＋ 2.0
Kyzylku m ＋ 2.5 ＋ 0.4 ＋ 2.0
1.3. Cla s sirl C atio n ofthe m e也ods ofphe n o丑ogic alobs e r v atio n s
Clas sifTICation ofthe m ain m ethods ofphe n ologl C alobs ervationisgl V e nin Tab且e1.3.1. All
m ethods ar edividedintofo u rgr o ups, a nd e achgr o upisdivided intotw o clas s es :prt maty
●
a nd iniegral･ Prim ary m ethods ar etr adit o n alo c ular m ethods ofphe n ologic alobs er v ation s,
while integr al m ethods ha v ebe e nde v elopedthr o ughthe applic atio n of m athe m atical
phe n ology. The role ofele m e ntary phe n ologlCalobs e rv atio n sisindic ated in Figu r e1.3.1
(Ⅴ. A. Batm a nov, 1970).
Table1.3.1
Cla ssific atio n ofthe m ethods ofphe n ologl C alobs er v atio n s
(Ⅴ. A. Batm a n o v, 1967)
Gr o tlPOf Elem e 血tSせobe Cla ss es of m eth ゐds
m ethods r egiste r ed Prim a ry 紬tegral
1. Registr atio n Ele m e nts oftim e Prim ary m ethodof Integr alm ethodof
ofdate s r egistr atio n of date s r egistr atio n of date s
(Integr als e c o nd)
2. De s crlPtiv e Phe n ologic alstatu s Prim arydesc riptiv e Integr aldesc riptive
in agl V e ntim e m ethod . .ヤ■＼､
m ethod(Integr a.1rlr St)
3. Indic ator of Mate rialindic es of Prim aryindicativ e Integr al in dic atv e
pr oductivity phe n ologic alstatu s m ethod m ethod(Integr al
third)
4. Ec o m etric Ele m e nts oflo c ality P rim ary e c o m etric Integr al e c o m etric
m ethod m ethod
M ethod of Tegistraiio n ofdate s
In this m ethod
,
the ele m e nts of lo c ality a nd P P ar epredete r min ed a nd a n obs erv e r
r egistersthe ele m e nts oftim e. This m ethod ofphe n ologic al obs e rv atio n(asprim ary
m ethodof date r egistr atio n)is widely us edinpla nte cology.
A.s a mle, the ele m e nt oftim eis estim ated onthele v el of
"
o n eday
' '
(24ho u rs). Ifa n
obs e rv er w a nts to studythe qu a ntitativ e cha nges ofphe n ologlC al e v e nts within o n eday
(fo r e x a mple,the ope ningofthemo w erbuds ofs o m epla nts)he m u stregiste rtheho u rs･
Mo nito rt
-
ngofSe a s o n al C ha 7geS OfVegetatioTI ByN O A A /A VH R R Data
G 汲OV P O F
朋二E T H O D S
A L E M E N T A R Y
OBS E R V A T‡O N
IN T E R 温風L A TⅠO N
B 濫T W E E N
x, a, b
1. Registr atio n of
date
a x A
O - - - ■■ - I - b '▲- ■ ■ - t - 一O J - d 叫 . - - I - - - 一 - . _ _ . ”0
14.05 2札05
a < b
2. De s c riptive a x a
● - 一 - - - - - - - ･ ･ ･- -◎L - ･ - - ･ - - - - - - ･ - 珍
B 伽 tlda伊 Bo 棚血7y
On e tl柑
n <b
3. Indicato r of
pr odtl Ctivi ty
a x a
● - - - ･ ･ ･ - - ･ - ･ M O ■ ● - - ■ ■ - 一 - M 一 - - 一一 ■ - - 一 ○
) 0 kg 20 kg
a < b
4. Ec o m etric
育
I
〟
○ _
惚
｢形
y
Bou m血町
betw e epI EO m CS L7 伽db
∫
葦Z#
∬
Wz#T
b
e
Lo c ado M af曲 c x l7
.
BW 伽
thet m 由
FigtL r el･3･1･ The role andpla c e ofa n ele m e ntary phe nologic alobs e rvatio nin studying
the s e as o n alch angesin n atu r e(V A. Batm a n o v,1 970).
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T he methods ofthisgr o upha v etw opo sitiv efe atu r es which m akeit easierin c o ndu cting
phe n ologlCalobs er v atio n s :
1) Sta nda rd u nits oftim e(days o rho u r s) ar eu s ed by r egistr atio n ofphe n ologic al
phas es･ By furtherpr o c e s sing, a ny r e C alc ulatio n oftim e o r applic atio n ofm odels
ar en ot n e c es s a ry,be c a u s ethe obs e Ⅳ atio nits elfgive sthe丘nalr e s ult.
2) An obs erv e r c an pr edetermin e apr operphen ologic alstatus, s ele ctingthe m o st
strikings e as o n ale vents.
Tw odate s should be register ed bythis m ethod : a - the date whe n aphe n ologicale v e nt
has n ot arriv ed; a nd b - the date of its a rriv al･ T he mostpr obable date oftim l ng a
phe n ologlC alpha s eis betw e e nthe s etw odate s･ Ifo nlythe date of b is r egister ed, the
ac c u r a cy of obs er v atio n sis u nkn o w n･ O bvio u sly, the pa s s age oftim eis anirr e v er sible
pr o c e s s. As to phe n ologl C al e vents, m o st ofthe m ar elike wis ei汀e V e rSible. But s ea son al
e v e nts in the in o rga nic w o rd c a nbe r eversible, for e x a mple, s n o w c a nfall, the n melt
during atha w a nd fallagal n･ In this c a s e, s e v e r al x c a nbe registeredbetw e e npoints a
a nd b.
By c o ndu cting pbe n ologic alobs e r v atio n s,it m u stbe u nde rsto odthat e a ch m ethodhas
spe c泊c erors by pr edeter min atio n or 也r e e el m e nts :tim e, lo c ality a nd pbe n ologl C al
pha s e. Ea ch ofthe s e el m e nts m ay n ot bepr ecis edu ringthe obs er v atio n. But the m ethod
u nder c o n side r atio nhas a spe cific err o r. This e rr o rdepe nds upo ntheinte rv al betw e e n a
a nd b. Ifthisinte r v al isin cr e as edthe e rr oris als oin cr e a s ed.
Integral s e c o nd m ethod c a nbe r e c o m m e nded fo rphe n ologic al obs e rv atio n s of highe r
accu r a cy･ By c alc ulation ofm e a ndate s, the r e s ults c a nbe glV e nin portio n s ofdays, forl
e x a mple, 12.6 May･ The re s ults ofobs er vatio n s cわndu cted bytheintegr als e c o nd m ethod
differ&o mthat c o ndu ctedbytheintegr al fir st m ethod. Inthefir stc as e,they ar e e xpr e ss ed
in u nits oftim e a ndtheirpr o c e ss inglS Simple･ Inthe s e c o ndc as e, w ene edaphe n olo$1C al
m odel(se ebelo w).
But theintegr al s e c o nd m ethodha sits shortc o m l ngS･ It c a n n ot
'be u s ed to studythe
dyn a mics ofphe nologlC alpro c e s s es. Onlytheintegr al first m ethod c a nbe u s edfor s u cha
study･ Neithe r c a nit be u s ed whe n m as stiming Phe nologl Cal甲e ntSis obs er v ed in all
O tJs
,
o rin c as es wbe n也e n u mbe r orthe mis s m all.
The m ain point oftheintegr als e c o nd m ethod c o n sits ofe stim ating fo r e a chof ” O 町s
thedate s a
.
and b･ Fo r e x a mple: o nM ay25a n obs e rv e r r eglSt red o n a s a mpleplot23 %
of O 町s whichhad cro ssed o v e rthe P B, a ndby repeated observ atio n s o nMay 2 9 he
r egiste r ed 49% . Itc o uld be c o n cludedthat26%(49- 23)cr o ss edo v erthe P B betw e e n25
a nd29 May. Fo r all 0 tJs,thedates a a nd b w e r ethedate s ofobs e rv atio n s a ndpoint x
w a sintheinte Ⅳ albetw e e n obs er v atio ndays.
Applic atio nofiheintegrals eco t2d m ethodto studyleaffall
Qu antitativ e a s s e ss m ent ofle affallphase is v ery diffic ult. Ifthe tr ees ar ehighitis
pr a cticallyimpo s sibleto climb the m a nd･to c o u nt thele a v e s･ Only whe ntr e es o rsbn血s
ar e or lo wheightc a ndir e ct c o u ntl ngbepo s sible. The c u rr e nt m ethodologyrelate stothe
firstc a se. This m ethodologyisba s ed o n c o u ntl gle a v e sthatha v efalle n o nthegr o u nd.
ll
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The c as e study w a s c o ndu cted in the Firyu z aNatio nal Park, lo c ated
.in the Kopetdag
Mo u ntain s, Tu rkm e nista n P･ G･ K ha rin etall, 198 1). Series of s a mpleplots, 1 m 2 in siz e
w er elo c ated infor e ststands whe re13tr e e spe cie s w er r eglSte red･ T heplots w erelo c ated
in s u ch a w ay that alltre e spe cies w ere r epr es e nted, 仙eplotsbeing distributed in dense
patche s a s w ellasbetw e e n也e m･ Reliable r es ults c a nbe obtain ed ifthe n u mber ofs a mple
plots is15- 20･ In spe cialc as es(fo r e x a mple, impla nts ele ction)the n u mber ofplots c a n
begr e ate r, but a n obser v e r sho uldtakeinto c o n sider atio n thelabo トinte n siv echara cte r of
this w o rk･ Befor ethefir st tallying, allplots w er e cle a n ed 丘o mle a v e s･ Periodically, with
a n inte r v al of 5daysthele a v e s o n e a ch s a mple plots w er e c o u nted, the n e a chplot w a s
cle aned舟o mle a v e s･ In s e v er alc as e s
,
也 ele a v e s of n etr ee specie s w a s r egiste r ed o ntw o
orthr e eplots. T hefor m oflea v e s r egistr atio nisgl V e nin Table 1.3.2. Obse rv atio n sw e r e
c o ndu cteddu ring21September - 3 0 No v e mbe r1977. The n u mber ofle ave s ofonetre e
spe cie s v aried &o m185to16,000.
Fu rtherpr o c e ssi ngI cludedr e c alc ulatio n ofthe nu mberofle a v e sto a ndtheirpe rc e ntage s
fo r allspe ci?s ofthe sta nd･ A the o retic al distributio ngr aph w a s also calc ulated fo r all
spe cie s ofthe sta nd(Fi卵r e l･3･2)I It c a nbe s e占nthatin 1977, m a s sle af fallpaヲsed
ahe ad the the or etic al m edia nby 12･6 days ( Ml - M2)･ Ac c o rdingto the pr e v IPus
in v e stigatio n s(A･ V･ Batm a n o v, 19 61, N ･ G･ K 血arin, 1975), lo ng te rmphe n ologlC al
pr o c ess e s can be char a cteriz ed by 仇e n o - al Ga u s sia n c u Ⅳ e･ Soit m aybe c o n cluded
thatle af falin 1977 inthe study ar ea o c c u rr ed12･6 days e arlie rtobe co mpar ed with the
m e a nlo ngte n pr o c e s s.
Table1.3.2
T hefo rm ofregistratio n of falle nle a v e sin Firyu z a o n s a mpleplotsill1977
(･Kharin etal., 1981)
Tre e spe cies Plots Septe mber Octobe r
21 26 1 6 ･11 16 21 26 etc.
Ace rtu rco m a nic a 8 12 14 8 7 ･6 18 31 32
Aila nt altissim a 7 n o n e n o n e 2 8 21 31 25 ll
Plata n u s orie n_
talis
10 5 6 7 9 10 .9 8 7
Populu s nigra p9 n o n e 4 6 7 10 ll 9 10
etc.
Des c nitz
'
v e method
The m ethod of date r egistratio nde s c ribedabo v egiv e sinfbm atio nin cale ndar s c ale(i.e.in
days),but the dbs crlbtiv e method e stim atesphe n ologic alinfo rm atio nin u nits of A T(i.e.
inper c e ntage s)･ In thede s criptiv e m ethod, thefollo wing ra nks ofphe n ologic alstatu s ar e
studied:the P P(aninte rv al ofs e as o n al de v elopm ent), the P B(apoint of de v elopm e nt)
andthe portio n ofthe P B･ By the de s criptiv e m ethod, a n obs e rv e r sho uldidentifya
phe n ologic al statu s a nd estim ate the differ e n c e sbetw e e ntw o statu s. Itis diffl C ult ta sk
be c a u s es e v er alphe n ologic alpro c es s e s c a n o c c u r sim ulta n e o u slyin the s a m e object of
obs e rv atio n s･ Directpr o c e s sis thatin which e a ch n e xt e v e nt o c c u r slatertha npr e vio u s
(e･g･ , flo w erbud - flo w e -h it). T he a c c u r a cy ofobs e rv atio n sin cr e as e sifa n obs er ve r
willu se qu antitativ e(integr al) m ethod･ fo r e stim atio n of the portio n of P B- the
peTc e ntage(for e x a mple, 45% ofappletr e e sbegin blo s so ming)･ So, theper c e ntageis a
u n ltOfm e a s u r e ofA T.
12
C hapte r1 Field P he T20logic a1 O bs e r vatio n s a nd P herzologicalMap ping
100
80
¢0
ヰ0
20
0
あ
肋
〆 威
i
l I
I i
肋
0 2 4 8 8 10 12 14
Figtl r e1.3.2. The se cond e mpiricalgr aph of le affallfor 13tre e spe cie sin Firyu z a
＼
experim ental are a, Turkm enista n, 1 nPe rc e ntage Valu es add days : a- the
e mplrl C algr aphofphe n ologlC alobs e rv atio n s c o ndu cted o n s a mpleplots, b
- athe o retic algr aph, c alc ulateda s aGa u ssia ngr aph ofn o r m aldistributio n,
M l - the e mplrl C al m edia n, M 2- the m edia n ofthethe o r etic al 丘equ e n cy
distributio ngr aph(N. G. K血arin et al., 1981)
13
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But th is appr o a chhasits dific ultie s･
rAn obs e rv er m u st c o ndu ct s e v e r al m e as u r e m e nts
(obs e rv ation s)in s equ e n c e･ W e m ay s aythat,ifa w as r egister ed e arlie rtha n b a nd w a s
r egister ed e arlie rtha n c,he n c e w e m ay s uppo s ethat a a rriv ed e a rlie rthan c･ Butit
c a n n otbe s u rmis ed which inte rv al isgr e ater, - ab or bc.
The m o st signific ant shortco mi ng Ofthe de s c ripti v eintegr al m ethod is the u nit of
obs e rv atio n s. The for m al unit oftheintegr alm ethodis cha nged by r e c alc ulatio nto the
c ale nda rtim e. This sho rtc o m lng C a nbe re m o v edbyde v eloplng a s c alefo rtr a n sitio nfr o m
A Tto c ale ndartim e. By prepar atio n ofphe n ologlC al m odels, 也e unit ･of A Tar e units of
m e as u r e m e nts. But the s e u nits are equaltothe c ale ndartim e o nlyiftw opr o c e s s es which
are c o mpa r edde v elop u nde r也 e s a m e c o nditio n s･ Underdi飽r e nt c o nditio n s, m odel days
a nd c ale ndar days c a nbe differ e nt. So, c o n sidering a m odel a nd s e v e r alphe n ologic al
obs e rv atio n s, the s e obs e rv atio n s c a nbe c o mpar edviathis m odel. Fore x ample, a o n eye ar
m odelc a nbe c o mpar ed with pben ologlCalproc ese s wi血in on eyear･
Indic ato rofpr odH CLiv砂
Thete rm ”productiviO,
” is u s ed he reinthe wide m e a ning ofthe w orld, cha r a cterizing the
m ate rial indic e s ofpbe n ologic alpr o c es s es. This m ethod in clude s alltypes ofas s e ss m e nt
of m aterial indic e s of obje ctsto be studied. An obs erver sho uld ans w e rthe qu estion :
"
桁 atar ethe m aterialindex ofthe objectin thepredete r min edplace at thepredetermined
tim er The m ethodin clude s e stim atio n ofindic e sthat ar econtin uo u sintheirde v elopm e nt
(i.e. height, w eight, v olu m e), o rdis creteindices(i.e. the n u mber offruits, qu ality ofyield,
etc.).
In studying m aterialindic e s,it m u stbe u ndersta ndthata v.
a riety of facto rs c a ndefin ethe
fin alr es ult ofs6左so n al de v elopm e nt(e.g. theyieldofagric ultur alcr ops). Ifagr e at n u mbe r
of indepe nde ntfacto rsdefl n e Sthe m aterial indic e s ofthe obje ct,it c a nbe s u rmis ed that
their a ctio n c a nbe differ ent. So me ofthe m c a n stim ulatethe a c c u m ulatio n ofyield, while
other畠 c a nhinderthispr o c e s s･
The u nityofm aterialindic e sis obs e rv edtobe r ar ertha nthe unityofte mpo r alindic e s. But,
asha sbe e n sho w nin pr e vio u s studies, the u nity or te mpo r al indic e sis the ba sis of
indic ativ ephe n olog y. Registr atio n ofm aterial indic e s sho uldalw aysbe c o ndu ctedtogethe r
with an alysis of s e v er al e nviron m e ntalfa cto rs a nd hu m aninterfe r e n c e, for exa mple,
applic atio n ofche mic alsin agric ultu r e.
An e x a mple o nCe ntr alAsiaisgl V e nbelo w. Agr o m et o r ol gists ofthis regl O n Studied the
c o Ⅲ
･
elatio nbetw e e npr odu ctivity of fわr age pla nts o nde s e rtr a ngel皿d a nd m ete orologlC al
data. In Table 1.3.3, correlation is giv e nbetw e n pr oductivity of r a ngela nd a nd
pr e cipitatio nin Uzbekista n(P･ AI An, N. S. Ko n o v alo v a, 19 81). This c o rr elation w a sus ed
forfo r e c astingthepr odu ctivityof de s ertr a ngela nd.
Applic atio n of integral m ethod c a nimpr o v ethe fin alr e s ults ofobse rv atio nbe c a u s e a n
obse rv e r c antake s e v er al ofOUs. Buttheintegr althird m ethodisde v eloped inles s e xte nt
tha n other m ethods ofphe n ologic al obs e rv atio n sbe ca u s ethe m aterialindices are ofte n
beyo ndtheinte re st ofphe n ologlStS.
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甘ab温e且.3.3
Co rrelatio nbetw e e npre cipitatio n s a ndpr oductivityofr a ngela ndinUzbekista n
(P. A . An, N. S. Ko n o v alo v a, 1980)
Statio ns 監q舶 tio 姐S R S
A kbaital y - 0.019z■＋1.2 0.81 3.5
Buza ubai y - 0.026z ＋0,92 0.94 1.9
Ma shikuduk y - 0.029z ＋ 1.48 0.79 4.8
Kulkuduk y - 0.035z ＋ 0.15 0.67 4.5
Dzhangel
'dy y - 0.15z ＋0.15 0.67 4,5
Muba rek y - OO13z ＋ 1.87 0.76 3.4
Zha slyk y_
- 0.030z＋1.50 0.86 2.4
Note :y - a n n u al for age, M Cperhe ctare(M C- MetricCe ntn er, 100 kg),
z - the su m ofpre cipitatio n s,(m m), r egister ed 30 daysbefo re and 30
days a洗erthe airte mperatu re cross ed也e z ero也r esbold,
R _ corr elatio n co efTICi占nt
S - m e a n a n n u al fo rage, M Cpe rhe ctar e
Ec o〝9eiric m ethod
The purpo s e ofthis m ethod isthedivisio n oftheterritoryinto diffe r e nt z o n e s whichar e
cha r a cte riz ed bydiffer e n c e sinphe n ologl C alstatu s. An obs er v er sho uldfindtho s e el m e nts
oflo c ality(points x)whichha v epr edete rmin ed ele m e nts oftim e a ndphe n ologic alstatu s.
Allm ethods ofphe n ologic al m applng ar e at thebotto m ofthe e c o m etric m ethods.
By applic atio n ofthe ec o metric m ethod the results ofobs e r v atio n sin ” points ar e
diffe re nt &o m that r e c eiv edby other m ethods m e ntio n ed abo v e. By applicatio n of othe r
m ethods, the re s ults ofobs e rv atio n sin cluded m e a n v alu e s(m e a ndate, m e a nper cint,
m e a npr odu ctivity)ortheindic e s ofpr odu ctivity. M athe m atic alpr obability ofc e ntr al
points x is simple depend ing upo n aqu e stio n, put befor ethe obs e rv atio n s. By
applic atio n ofthe e c o m etric 血ethod o nly lo c atio n ofpoints xinthr e e-dim e n sio n alspa c e
c a nglV ethefin alresult. T he othe rspe cificfe atur es ofthis m ethodarethefolo w i ng:
-
I Duringthe s a metim e, cha nge sinthe situ atio nbetw e e ntw o el m e nts oflo c ality
c a n o c c u rinthtee dir e ction sbe c aりS ethe spa c eis thr e eニdim e血sio n al. So this fa ct
sho uld betake ninto c o n side r atiohb少dev elopm entofthe m ethodology;.
- P he n ologic als u r v ey c?nbe c ondu cted byindices oftim e o rby m ate riali･ndic e s･ For
e x a mple, a m 叩 C an be c o mpiled tim lngtheyieldor a m ap sbo w lng the a m o u nt of
yield.IInbothc ase s,･the m apsgiv ethe spa c edistributio n ofthe s eindic e s;
I
- T he e c o m etric method c a nbe nAm ed in a c ertain w ay as
"
the s e condary m ethod
”
be c a u s eitis bas ed on c rite ria ofothe r m ethods. F
､
or e x a mple;the ac c u r a cy of
phe n ologl Cal m aps
-depe nd upo nthe a c c u r a cy of bas e m aps･ An ob
'
s e rv e r sho uld
alw ays adapt phe n ologl C al s u rv ey to the s c ale a nd othe r chara cteristic s of
topographic m aps. In the pr o c e s s ofphe n ologic al obs ervations, 1tisimpo s?ibleto
cba ngethe s epara m ete rs;
- Bythe e c o m etricintegr alJm ethod a n obs e rv e r should alsodes cribe by qu a ntitativ e
.indic e s, the e nvir o n m e ntal situ atio n(e.g. the c o rdin ate s of obs e rv atio npoints),
be c a u s ethe fln al phe n ological m ap c o ntain s n ot o nly spe cific (phe n ologic al)
infbm ation, but als o ge n er al c a rtogr aphic infbm ation･ So, the a v ailability of
topogr apbic m aps is apre-c o nditio n ofapplic atio n ofthis m etbod･
15
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By applic atio n ofthe m atic m apsfo rphe n ologic als u rvey, the m apping
'
u nits ofthe m atic
血aps(e.g. pla nta ss o ciatio n s)c a nbetake n a sminim alar e a s. Inthis c a s e,theisophe ne sin
thephe n ologic alm apsho uldc oin cide withthe c o nte nts ofthe m atic m aps･ Aeriala nd spa c e
photo s c a n als obe u s ed in phe n ologic al m applng･ In spe cific c a s e s, the statu s ofpla nt
c o m m u nitie s c anbe a ss e ss ed dir e ctlyby photogr aphicim age ry(N . G. Kharin, 1980, N . G.
K harin etal.
,
1993).
By applic atio n of the e c o m etric m ethod syn chr o niz ed ti ming sho uld be take ninto
c o n side r atio n･ As had bee n sho w n, cha nges in phe n ologlC al statu s c a nbe thr e e-
dim e n sio n al o rte mpo r al･ The e c o m etric m ethod is used to s山dy thr e e-dim e n sio n al
cha nge s. Theinflu e n c e ofte mpo r al fa cto r s sho uld be e x cluded 丘o m a ss e s s m e nt. This ca n
be a chie v ed by c o ndu cting phe n ologic al s u rv ey during a symchr o n o u s.tim e, for e x a mple
du ring o n eday･ In this c a s e o n edayis 血e syn cbr o n o u stim e ofpbe n ologic als u Ⅳ ey･ But
the situ atio nis cha nged ifw e c o mpile aphen ologic al m ap c o n siting of 10ye ars
phe n ologic al obs e rv atio n s, in n u m e r o uspoints. The m e a n a n n u al dates r egister ed in e a ch
point arenotthe r e s ults ofsim ulta n e o u s obs e rv atio n s,but theyha v e o n e c o m m o nperiodof
obs e rv atio n s
'
- 1 0ye ar s･ So,inthis c as e10ye ar obs e rv atio npe riod is a symchr o n o u stim e.
In c o mpiling phe n ologic al m aps, the s a m e syn chro n o u stim e sho uldbe obs e rv ed.
1･4･ La rge s c alephe n ologic alm ap ping
●
aa s sljicah
.
on ofphenologic alm aps
Publishedphe n ologic al m aps c anbedividedintotw ogr o ups : m aps c o mpiledo nthebasis
ofo c ularphe n ologic al obs er v atio n s and m aps-bas ed o n applic atio n ofstatistic al m ethods.
As w a s m e ntio n ed e a rlie r
,
o c ular e stim atio n ofphe n ologlC alpha s e sdoes n ot giv ethe
objectiv e r es ults be c a u s e obs e rv e rs c a nh v ediffer e ntide a s abo ut the s a m e s e a s o n al
e v e nts･ Cla sificatio n ofphe n ologic alm apsisgiv e nin Table1.4.1(N . G. Kharin, 1977).
Visualpho n ologic als 〟rv ey
Vis u alphe n ologic alobs e rv atio n sis a m ethod whichis widely us edfo r studyings e a s o n al
rhythm s ofpla nts･ This
u
clas sic al‥ o rtr aditio n al m ethodisba s ed o nthe vis u alr egistr atio n
ofpben ologl C alpha s e s ofpla nts, a ndisthe m o stsimple m ethodofphe nologic alm 叩plng･
Itc a nbe c o ndu cted by pra ctic altraining ofs山de nts, bys cho olchildre nundertheguida n c e
ofte a che r
,
into Ⅶ･iste x c u rsio n s a ndin s e v e r alothe r c a s e s when pe ople w 皿t tO S山dylo c al
pbe n ologic alpbe n o m e n a･ Anin stm cto r mustha v e alarge s c aletopogr aphic m ap･
survey lin e(or
1
s u rv eylin e s)sho uldcr o ssthe m ain ele m e nts oftopogr aphy o r other
e n vlr O n m e ntalfeatu r es･ They c a n als o be c o nfin ed to r o ads(that willhelp to avoid
additio n aldific ultie sinimplem e ntatio n ofs u rv ey). The m o ststriking phe n ologic ale v e nts
sho uld be s el cted fo r m applng, for e x a mple pla nt flo w e rlng･ A predete rmin ed
phe nologic alpha se c a nbe de s cribed by qualitativ e o rqu a ntitativ e criteria. Thefirst ca n
in cludethe alte m ativ eP B(fof e x a mple, pla nts ar eno w ering or n otno w ering) orthe
qu antitativ eP B(for e x a mple, 50% ofpla ntsha v e月.o w e rs).
The m ainta sk ofs u rv eylSthe estim atio n ofbo undariesbetw e e n zon es A a nd B. Ifthe s e
z o n e sha v ecle ardiffer e n c e sin phen ologlC alstatu s a ndthetr a n sitio n strip IS n arr o w, O n e
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Clas sific atio n ofphe n ologic alm aps(N. G. 氾1arin, 197, m odified)
Type s ofm aps T he m a畳m c払a r a c嘘r畳s鵬es o紬he 汲抽唱ic a丑 m aps
】覗ini叩a且 Sc a且e ‡血色e T V a且 S
■
c ale o甘地e
●
m aPp且mg beew e e n topogr aphic
Uniせ 地e
is叩he n e s
ba s e m a野
Ma c r ophe n ologic al 1
olatitudeper 1:1,000, 00 10 days 1:ll,000, 00-
1olo ngitude a nds m aller 1:2,500, 00
Regio n a且 ･3 0
'
1atitudepe r 1:5 00, 00- 5 - 10 days 1:1,000, 00-
30
'
lo ngitude 1:25 0, 00 1:500, 00
La rge s c ale Pla nt 1:100, 00
- 3 - 5days 1:loo,00 -
a s s o ciatio n s or
otherte rre strial
u nits
1:25,000 1:25,000
Mic rophe n ologic a且 Pla nt I:10,000a nd 2-3days Large s c ale
as s o ciatio n s
orla nds c ape
u nits
larger topogr aphic m aps
orae rialphoto s
･c a ndra w thelin e xby vis u ale stim atio n. UsingthepalrS Ofpoints a and a, o n e can
e stim atethepr obablelo c atio n ofthelin e xinthe middle ofthe strip ab.
Itis v ery I mporta nt tOPr odu c e aphe n ologic al m ap lnthefl elda nd e nha n c ethe m ap u sl ng
c olorpe n cils. This c an illu str ateinthebe st w ay, theide aofphe n ologlC alm appi ng.
Vis u al pbe n ologl C al obs er v atio n s c o ndu cted witho山 applic atio n ofstatistic al m ethods,
ha v e alo w a c c u r a cy. First of all, a pr ope r s el ctio n of a n obje ct of phe n ologlC al
obs ervatio n s sho uld be do n e. The obje ct of s u rv ey sho uld in clude s o m e” middle”
e c ologlC alsite s which ar e char a cteristic orthe ar e a u nder c o n side r atio n. In this c a s e, the
phe nologic al v ariability willle s slikelyinnu e n c ethe r e sults ofobs e rv atio n s, and, o nthe
c o ntr ary, ifa n obs e rv er w antsto studythe c o rr elatio nbetw e e n s e as o n al de v elopm e nt of
v egetatio n and e c ologic alc o ndito n s, he sho ulds ele ct obs e rv atio nplotsin
”
middle ” a nd
e xtr e m e e c ologic alsite s.
･
t
㌔
V ･ A ･ Batm a?o v(1967)indic atedthefollowing c o n sider atio n abo ut the s el ctio n ofobje cts
forphe n ologlCalobse rv atio n s:
1. The gr e ateris 血e r ate of a s ea s onal proc e ss, the betteris the a cu ra cy of
obs e rv atio n s;
2. Obs e rv atio n s o n c o m m o npla nts ar e m ore a cc ur atethan obse rv atio n s o ngras s e s;
3. O bse rvatio n s o n c o m m o npla ts are m or e a c c u r ate th n obs e rv atio n s o n r ar e
spe cie s;
4. Obs e rv atio n s o n w ell kn o wnpla nt spe cie s are m o r e ac c u r ate tha n obs e rv atio n s o n
spe cie side ntifiedwithdiffic ultie s;
5. Thequalityofobs e r v atio n sis be仕erbys山dyofphe n ologic alpha s e s whichc a nbe
ide ntifled bya n obs e rv er ofmiddle-le v eledu c atio n alattain m e nt･
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Thepr oble m with the accur a cy ofo c ular phe n ologlC al obs e rvatio n s
･
is v e ry I mpo rta nt.
Ac c ording to spe cial in v e stigatio n s-?ondu cted by A･ A ･
■
K iril'ts e v a(1975), the fin al
a c c u r a cy ofphe n ologic alobs e rv atio n s IS Char a cteriz ed bya sta ndard de viatio n 土3.4 6days.
This err o rincludesthefollo w ing c o mpo nents :&equ e n cy ofobserv atio n s, er r orofpr ope r
s ele ctio n ofthe obje ct ofobs e rv atio n s, a nd error ofthepr ope r r egistratio n ofphe n ologlC al
phase.
Large s calephen ological:m apping o ntheba sis ofa eyialphoio s
The e xpe rim e nt o n compilatio n oflarge scalephe n ologic alm ap w a s c o ndu cted in 1973 in
theterritory of BadkhyzRe s e rv e, Tu rkm e nista n. Aerialphoto s, s c ale1:25,000w e r e u s ed
fo r c o mpilatio n ofthe type maps of Pista chio w odla nd(Pistacia v era) a nd for
c o mpilatio n of 血e le a鮎g o utphe nolologic al m ap･ Pista chio w o odla nd had lo w cro w n
de n sity(2 0% - 3 0%), the age oftre e sw a sbetw e e n80- 100ye ars, whilethetre eheight
r e ached l･5 - 3･O m(N ･ G. Kharin, 1975).
First of.all
,
the■m apdf for e st types ofpista c?iotre e sta nds w as c o mpiled(Fig｡ r e1.4.1).
Six main sta ndtype s w e reide ntified:
1
･ Pista chio sta nds c o n丘n edto n ar r ow r a vin es;
2･ Pista chio sta nds o n ste epslope s withs a ndsto n etalu s;
3･ Pista chio stands o n ste ep 中o rthw e st Slope s;
4･ Pista chio sta nds o nge ntle s o山be m slopes;
5･ Pista chio stands o n e a stslqpe s;
6･ Pista chio stands o n up per site s offo othills.
The m ethodologyof rl elds u rv eyin cludedthe follo wing w o rks･ Tw o
'
?giv e s(the s e co去d
e mpiric al gr aph) w e r e
J
‾c alc ulaled fo rdiffe re nt Pista chi,o sta nds (Figu r el･や･2)･ They
char a cteriz ed the spe cirl C c o nditio ns ofle aflng O utPistachiotr e ein differ?nt e c ologl C al
site s･ Phe n ologicals urvey In cluded
■
the cou nting of
■
the n umber ofPi'sta chiblea v e sthat
c r o ss edoセerthebo uda ry･ Itsho uldbe m e ntio n edher ethatPista chiois a dio ecidu spla nt･
This m e a n sthat m ale a nd fe m aletr e e s･gr o w s epar ately･ Spe cial in v e stigatio n sho w ed
.
that
differ e n c e sinle aflng O utPista chiotreesbetw e e n m ale a nd fe m aletre es w e r e statistic aly
n ot signific a nt･ So, c ou ntingthis char a cteristic oftr e e s
､
w a sn ot take ninto c o n side r atio n.
The;es ults offieldshrv eys ar egl V e nlin Table1.4.2.
Tablel･4･1 n e edsthefbllo w lng e xpla n atio n :
- In c olu m nl the 血mber ofsta nds(Figtl r e1.4.1)isindicated;
-
' In c olu m n3the n u mber ofstandard'c u m ulatibegr aph(Figtl r e1.4.2)isindic ated;
- ･h c olu mn 3, 4 a nd 5the r eshlts of'flelds urv ey a regiv6n(thet?tatn umbe r of
c o u ntedtre e s
, 血e n u mber oftre e sha ving cro s s ed o v e rthe bo u n血 γ a nd their
perc e ntqg.
e s);
- In the n e xtムolu m n(referto stand 2a)the s um ”J←i indic a1占sthe n u mbe,of days
betw e e n4 7% oftr e e s a nd 5 0% ?ftr ees which ha v e cr o s s ed o verthebo u ndary(refe,
to the c u m ulativ egr aph in Figtl r el･4･2);thisinte rv alis0.3day;I
- Thelast c olu m n c o ntainsthe c alc ulatio n of a hypothetic al date of Pista chio tr e e
le afingo ut. Fo r sta nd 2a, inthefor m ula:
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感認
1
男娼
諾
5e ＼L.､
2漁
3馳
慧恥
藩論
5劫
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S 払.,
轟汲
5c
4a
題c 趨戚
Figu r el･4･1･ The m ap of Pista chio w o odla ndtype s,
.
c o mpilebya erialphoto, s c ale1:
25
,
00
, Badkhyz e xperim e ntal
■
ar e a
,
Tu rk henistan･ Thelsge nd: ト Pistachio sta nds
c o nfin edto na rr o w r a vin e s
,
2 I Pista chio sta nds o n ste ep slope s withs a ndsto n etalu s, 3 -
Pistachio sta nds o n ste ep n orth w e stslope s, 4 - Pista chio sta nds onge ntle s o uthe 皿 Slope s,
5 - Pista chio sta nds o n e astslope s, 6 - Pista chio sta nds o n upper site s of fo othills(N . G.
E harin
,
1975).
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Figu r el･4･2･ The s e c o nd empiric al gr aphs ofle afing o ut Pista chio tr e e s o nthe
e)[perim e ntalar e a ofBadkhyz, Tu rkm e nista n･ A - fo rPista chiotype s2,4,
B - forPista chiotype s1,3,5,6” . G. K harin, 1975).
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'
o n s a nd Phe n ologic al Map pmg
且5＋ 軌 3 - 115.3.04
thefirst c o mpo n e nt(v alu e15)m e a n sthe m e a ndate of le afing o utPistachiotre es
a c c ordingtothe sta ndardc u m ulativ e gr aph; v alu eO･3 m e an s the n u mber of days
betw e e nthis date(15･O April) and thedate of fields u rv ey c alc ulated by the
sta ndard c u m ulativ egraph;a ndthefin al c o mpo n ent 15･3･04 isthe s uppo s ed date
ofle afl ng O ut Of Pista chiotr e e sin sta nd2a, 15 3 April･
甘ab且e1.4.2
The r e s ults offieldphe n?logic als u rv ey(le afingo utpista9hiotr e es)in1973
(N. G. K harin, 1975)
Sta nds Ogiv e Da七e of Nu mbe r ofc o 姐ting % o官
m ＋x
Ca且c Ⅶ且ated
Stlr V ey
(day,
m o nth)
tr e e s 七r e c s
c r o ss ed
O v e r
bounda ry
date
Total Cros s ed
O v e r
bo Ⅶnda ry
2a i 15.04 30 14 47 ＋0.3 15＋0,3 -
15.3.04
2b 1 15.04 29 9 30 ＋2.0 15＋ 2.0 -
17.0.04
3a 2 20.04 3 1 23 74 ＋1.0 20＋ l
,0 -
21.0.04
3b 2 20.04 2 6 20 80･ 十1.6 20＋ l.6 -
21.6.04
4a I 20. 4 2 7 22 8l -2.6 20- 2.6 -
17.4.04
4b 1 2 0.04 3 6 23 64 -1.2 20- 1
.
2 -
18.8.04
4c 1 2 0. 4 38 21 55 -0.5 20- 0.5 -
19.5.04
5b 2 20.04 35 27 77 ＋1.3 20＋ l.3 -
2 l.3.04
6a 2 20. 4 37 3 1 84
■
t･
＋1.9 20＋ l.9 -
21.9.04
6b 2 20.04 32 2 7 84 ＋1.9 20＋ 1.9 -
2l,9.04
As a r e s ultofimple m e ntation ofthis su Ⅳ ey, alarge s c alepbe n ologic al m ap w as co mpiled
(Figu r el14･3)･ As c a nbe s e?n, 3 days inte rval w as sel cted betw e e ntheis ophe n e sfo r
this are a･ The is ophen es c o in cde with the bo u ndarie s of the typologic al m ap of
Pista chio stands. In s e v er alc as e s
,
theis ophe n e s w er e c o rr e ctedinthefleldo ntheba sis of
a e rialphoto s.
1･5･ Co mpilation of m a crophe n ologic alm aps
Phe n ologlC al m applngl S O n e Ofthe m ostdiffic ult tasks in agrlC ultu r e a nd fo r e strybe c au s e
m a nyfa cto rs sho uld betake ninto c o n sider atio nbydr a wingisophe n e s(i.e . s m alln u mber
21
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Figu r el･4･3･ A &agm e nt ofthe phe n ologic al m ap of Pista chio tr e e sin Badkhyz
e xperim entalar e a, s c ale1:25,000P ･ G. Kharin, 1971).
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of obs e Ⅳ atio n points, a n n u al 飢1Ctu atio n sin timi ng Or S e as o n al e v e nts, abs e n c eor
qu a ntitativ ephe n ologic alcriteria etc･)･ Thefわlo wing prin cipalm ethods ofc o mpilatio nor
s m alls c alephe n ologl C al m 叩 S a r e Sho w n :
Ocula rphenological m apping･ The m ethodinclude s o c ula rdra w ing Of is ophe ne s o n a
s m alls c alebase m ap(topogr aphic m ap o r a nykindoftbe m atic m ap)･ T hisisthe simplest
m ethod ofphe n ologl C al a n alysISwitho ut the n e ed for statistic alpr o c esslng Oftheinitial
obs e r v atio n s･ Se v er alpbe n ologl Cal m aps c o mpiled u sl ngthis m ethod w e r
･
e publi血ed in
"The Atla s ofthe U SSR Forests” (1973)･ T he s e m aps in cluded : blo s s oming of o ak,
ripe ning ofo ak fh its(Quercu ssp),pollin atio n ofalder(Alnu s sp),pollinatio n ofha z eln ut
(Co rillus avela n a), to n a m e afe w.
Modelling ofphe n ological ev e nts･ M a ny s cie ntists ha v epublished s e v e r al m odels fo r
c alc ulating hypothetic al date s･ On e ofthe s e m odels hadbe e n published by A. D.
Hopkin s(193 8)･ T his m odel isgiv e nin F蜘 r e 2･5･1･ The m ap?o ntainsis ophen ological
pa rallels 30
o
,
4 0o
,
5 0o
, 60
o
a nd 7 0o･ The s epar allels do n ot c ol n Cide withtopographic
pa r allels;a ndthe m ap ca n n ot be u s ed fわrpr a ctic alpurpo s es･
The s e c o nd e x a mple c o n c e m s aglobal m odel ofse a s o n alde v elopm e nt of v egetatio n
dev eloped by B･ E･ Datie r et all(1975)I The a utho rs ofthis prqjectha v epr epar edthe
following Phe n ologlC al m aps c o v eringthe wholeterrito ry ofthe w orld:
1･ The m ap oftimlng
"
gre e n W aV e
n
Which in clude sthe begl n n l ng Ofgr o wth ofall
v egetatio ntypes(fro m agric ultur alc ropstofo r e st);
2･ The甲aP Oftiming
" br o wnw a v e”(the e ndofv egetatio ngro wth,le afc olo r atio n a nd
ripe n lng Ofalltypes ofc o rn). ･､
Method ofm a c rophe nological m alPing･ The m ethod w a spr opos ed by V ･A･ Batm a?o v
(1961)and furthe rdev eloped by N･ G･ 幻I arin(1966)whopublisheds e v er alphe n ologlCal
m aps ofbir ch･ These m aps w er ebas ed on n u m er o u sob er v atio npointsin situ, c o ndu cted
by m a ny a uthor s with intheterito rytobe m apped･ M ethodologyI n cludedthefollo w l ng
steps:
1
2
3
4
5
Pr elimin ary a n alysis Ofc olle ctedinfo r matio n
Redu ctio n ofall date sto o n eperiodofobs e rv atio nye ar s
i
Division ofthete rritoryintophysic alr egi o n s
Calc ulatio n ofpbe n ologic algr adie nts(1at加din al,1o ng血din al, alt血din al)
Dr a w l一喝 1S Ophe n e sbytopogr aphic m ap.
An alysts Ofthe s e m aps is do n ein Se ctio n 2･5 ofthe m o n ogr aph･ ･ It c a nbe s e e nthat
is olines ofthe gr e e n w a v edo n ot c oin cide with theis ophe n e s of bir cb･ The gr e ate st
diffe re n c e s ar e c o nfl n edtothe m o u ntain r egi o n s Of Siberia a ndtheFarEa st. Theis olin e s
ofthe gre en w a ve c ut the topogr aphic fe atu r e s(c o u nte rlin e s), which c o ntr adicts the
e xistingr egularitie sintim lng Ofs e a s on alev e ntsin m o u ntain regl O n S･
Phenologic al m appingby dire ct as s ess me nt ofphotographic image produ c edby rem ote
s ens or s･ A llthe m ethods m e ntio n ed abo v e ar ebas ed o n sl ngle obs e rv atio npoints which
c o v erthete rritorytobe m apped indiffe rent w ay･ T hisis a c o m m o n sho rtc o m i ng Ofthe s e
m etbods･ Dir e ct as s es s m e nt of aphotogr aphicim age, ho w e ver, stro ng c o 汀elatio n with
phe n ologlC al statu s of pla nt c o m m u nitie s c a nbe e stablished･ T his m ethodologylS
dis c u s s edin C hapte r2 ofthe m o n ogr aph.
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2.1. Stldyofs e a s o n alaspe cts of fore stsin situ
W hatis a sea s on ala spe ct?
Ac c o rdingtothe defl nitio ngiv e nbyI. A ･ Dudka(1984),
”
Aspe ctis a gen e r alvie w of
plant c om m u nio, which is cha nged during the seasons ofthe ye ar a c ording to the
alteratio n ofthephen ologicalphase sofpla nts
”
･ Thedeflnitio ngiv e nby M ･ M ･ Kohtm a n
(1974)isles scle ar:
”Aspectis vis ual impres sion ofvegetatio nat apartic ula rtim e or a s
s enfro m .a specljic point
”
･ Thethe o ry･pfs e as o n al aspe cts ofplant c o m m u nitie s w a s
de v elopedbyRu s sia n s cie ntists(G･ E･ Shults, 1981 a nd I･ N ･ . Elagin, 1983)･ Theybelie v ed
that the cha nge of s e as o n ala spe ctis a r egularphenom e n o n, which refle ctsthepr o c e s s of
de v elopm ent ofpla nt c o m m u nitie s, a ndtheirinter relatio n swith e n vir o n m e nt･ By this
con cept, age n er al vie w ofpla nt c o m m u nityis n ot a s ubje ctiv efe eling, e xisting o nlyin
thehu m an mind
,
butr ather
,
itis a r e alitythatindic ate sthe statu s ofpla ntc o m m u nity.
G. E. Shults(1981)distinguishedtw otype s ofs e as o n alaspe cts :ge nerala ndspe cljic･ He
indic ated s e v er alge n eral a spe cts
･
. winter ”snow up a spect
”
,
a spe ct of
”bla ck spring
”
after the s n o wm elting, s u m m e r
L E
g,e e n aspe ct
”
,
aspアct of
”
golden a utum n
”
,
etc･ In his
opln l O n, spe cific.aspe cts c a nbedistinguished:no w erlng Ofpla nt c o m m u nities, no w e rlng
of f血itga rde n s, rlPe n lng Of c er e alsin the c ultiv atedfl elds, npe n l ng Ofc otto nballs o n
plantatio n s of c otto nin the arid z o n e, aspe ct ofreaped fl elds, a m o ng othe rs. Spe cific
s e aso nal aspe cts c a nbe cre ated by cha nge s o c c u rringin ino rga nic n atu r e(e.g. spring
flo ods
,
a spe cts c r e ated bydu ststo rm s, etc･)･
I. N . Elagin(1983)des c ribeds e a s o n al a spe cts of forestsin s e v er al egio n s ofRu s sia. T he
n a m e s ofthe aspe cts can be v e ry simple, e.g. , winter a spect, s u m m e r a spe ct, a utu mnal
aspe ct, o rthe a utho rglVeS lo ng sophistic ated n a m e s, like
”
m o n ot n o u sdark gr e e n
c olo ratio n of mix ed c o nifer o u s- de cidT1 0 u Sfo r e st
”
. Butthe mostinter estingthingin the
the o ry of aspe ctsisthat a spe cts indic ate s e v e r als e as o n ale v e nts which ha v e o c c u rr ed
u nde rthe fo r e st c a n opyorin the s oil. The s e e v e nts c a n n otbe r egister edby r e m ote
s e n s or s
,
but 仇ey c a nbe pr edicted bythe a n alysis ofs e a s o n al aspe cts distinguished by
a erialo r spa ceim agery.
Inter- an n u al
.
flu ctu atio n s a s w ella sthe tim lng Oftheperiodicphe n o m e n a ar e w ell know n.
Ru s sia npr o v erb s ays:
” Weather ofa ny tw o yea rs is n otidentical
”
. The s enu ctu atio n s
”
c atlS eh ada che” to agr o- m ete or ol gists whotrytofo r e c ast theyieldofagric ultu r alcr ops
orpastu r epr odu ctivityfo rthe n e xtye a r･ Inter- a n n u al瓜u ctu atio n s ofs e a s o n alphe n o m e n a
c 皿be e xplain ed bycyclic v a riatio n sofclim ate o rbytheinfhe n c e of lo c alphe n o m e n a.
Ac c o rdingto G･ E･ghults(1981), atle ast25ye ar s of obs e r v atio n軍 拡e苧ece s s aryto study
and e xplainthe s e v aritio n s. But thisinfo rm atio nis m ainlybased o n vis u alr egistr atio ns
ofphe n ologic alpha s e s ofplants of lo w a c c u r a cy. As s u ch, spe cial a n alysis m ay be
n e c e ss aryto e x chlde methodologlCalerr o r s.
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肋 ni5jic alio n m ud de s c n
'
pdio n ofs e a s on alaspe cis
A sta nda rd m ethodologyforde s c riptio n of s e a so n al aspe ctsis abs e nt. Ev e nthe n a m es of
aspe cts, as w a s sho wn abo v e, c a nbe differ ent･ So, w egi v e so m e e x a mples ofde s criptio n
ofs e a s onala spe ctsinfわr e sts of Ru ssia.
E 4
A･ Strizho v(1981)haside ntifledthefollowings e as o n ala spe cts of forestsin M . s c. w
reglO n :
- Spring anim atio n･ Itbegi n sbythe appe ar a n c e ofthe fir st tha wed patchesinthe
for e st･ Flo w ering ofA lde r(A ln u s sp･) isthe indic atorofthe e nd ofthis period.
T he follo w l ng Characteristic s e as o n al e ve nts ar e observ ed du ring this tim e:
no w ering of Colt
'
sfo ot(Tussilagofa rfara)･1e aFl ng O ut OfBir chtre e(Betula sp.),
polle nform atio n ofElm tr e e(UIm us sp).
- Spring atitsheight･ Me a n a n n u al le ngth ofthispe riod is22days･ Le aflng O ut Of
Bir chtr e e
.
is an indic ato r of this se as o n･ Flo w ering ofSe rvic etre e(Sorbus sp･)
a nd no w erlPg of Liliac(Siringa sp･) a r etheindic ators of the e nd ofthis s e as o n.
The follo w l ng S u m s Ofthe effe ctiv ete mpe ratu r e s w er e r egiste r ed fo rdiffere nt
pe riodic e v e nts :∑ 70ofo rle afing o ut of Bir chtre , ∑125o fo rnowe ring ofBitd
che rry, ∑ 184
｡ forno w e ringApple tr e e.
- Begin ning ofsu mm e r･ Flo w e ring ofSw e etbrier a nd Raspberry ar etheindicato rs of
the begin nl ng Ofthis s e a s o n･ Ripe n ing OfStr a wberry indic ate sthe e nd ofthis
Se aS O n.
Fullsu mm e risindic atedbyw a xyrlPe n l ng Of Rye.
Abatem e nt ofs um mer isindic atedbyripe ning ofCo wberry.
Begin ning of a utu mn is in dic ated by c olo r atio n of Bir ch tr e e, Elふ
Mo u ntain Ash
,
the m e a n a n n u al datebeing18 Septe mbe r.
Golde nautu mn isindicatedbyle afc olor atio n ofBir ch,E lm and Aspe n･
tr e e a nd
- Fullautu mn is u s u alyr egistered 10- 14 Octoberwhe n thele a v e s ofallde cidu o u s
tr e e shave falle n･ Tr a n s m igr atio nofcr an esto s o uth is us ually obs e rv ed in the e nd
ofSepte mbe r.
The pr o c e ss ofle affalloc c u rsinthe r egl O n under c o n sider atio nin differ e nt w ayby
differ e nt tre e spe cie s･ The follo w ing tre e slo s etheir le a v esin the beginn lng Of
Septe mber :Linde n, Elm , Ha wtho m, M 叩1e･ So m etre eslosetheirle a v e s10 dayslate r;
Bird C he 汀ytre e, Aspe n, Ashtr e e a nd RedElder･ Linde n a nd Poplarlo s etheirle aves
first&o mthe upperparts ofcr o wn s, Elm a ndHa z eln ut fio mthetop･ So m etr e e spe cie s,
like Ashtr e e
,
M aple a nd Popla rlo s e theirle a v es aRerthefir st a utu m n al 舟o st. As
pr o v erb s ays,
∫(Apple-tre edoes n othasten to lose its le av es ajie rthejirst a utu m n al
frost” .
Inter- a nnu al nu ctu atio n s ofs e as o n ale v e ntsinthe r egl O nha v es e v e r alspe cificfe atu re s.
In M o s c o w regi o n, for e x a mple,thefollo w lng ye ars W er e e spe cially w a r m :1924,1934,
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1935, 1944a nd 1947･ P he n ologic al an om alies w e r e obs e rv ed in n atu r eduringthis
ye a rs:
1
2
3
4
Fr ogs c r o akin May,
Che rrytre e a nd Red Bilberryblosso mtw otim es,
Raspbe rry a nd W ild Str a wbe rry pr odu c edthe s e c o ndary yieldofbe rries,
W o od la rka ndstarling plpedat也e s e c o ndtim ein1934.
塾些聖 幽 由払
Ⅴ ･ A ･ Ba 加 a n o v(1949)▲published a c ale ndar ofperiodicphe n o m e n ainthe vicinity of
Sv e rdlo v sk(n o wEkaterinbu rg). Thisinfo rm atio nisgiv e nin Table2.1.1in whichthe
date s a ndthe m o nthnu mber s a reindic ated･ Thele ngthofobs e rv atio n s v aried&o m15
to 4 7ye ars･ Sta ndard de viation(8)is als ogiv e n,ha vingthe v alu e of 4 J O days.
Table2.1.1
Cale nda r of s e as o n ale v e ntsin n atu r einthe vicin ityof Ekaterinbu rg
(V. A. Batm a n o v, 1949)
Se a s o n ale v e nts ‾ Ntl mbe r
of
obs e rv at
io n
ye a rs
■ Date s
8
days
M e a n T he
e a rlie st
T he
1atesす
Spring
Arriv alofr o oks 4 6 24.03 10.03 10.04 7
Saprisinginbir chtr e e 1 8･ 18.04 6.04 3.05 7
Ope ning ofle af buds ofbirch ･ 16 3.05 8.04 18.05 1 0
Flo w e n ng ofbird- cher rytr e e ･5 6 ･21.0.5 23.04 20.05 7
Flo w e rlng Of Siberia npe a
(Ca raga n aa rboresc e n s)
4 7 28.05 12.05 17.06 8
Su m m e r
Flo w erlng Of flr e W e ed
(Epilobiu m a ngustiFoliu m)
?4 25.06 10.06 5.07 7
Ripe n l ng Ofr a spbe rry 24 17.07 2.07 ll.08 9
FeAthering
l
ofw agtai1
n e stlings
2 0 18.07 10.06 25.06 5
Wa x e n npe n l ng Ofwinter rye ? 27.07 ? ? ?
Autt) m申
Firstc olor edtr e e s ofbir ch 15 1 0.09 2.09 22.09 5
Full･c olor atio n ofbir ch 17 _30.09 25.09 6.10 4
Fullle af免11ofpoplartr e e 15 12.10 5.10 18.･10 4
Se as o n ala spe cts offor由(sin Siberia
Phe n ologic alobs erv ationsin Siberia-w er e c o ndu ctedby s ever al scie ntists, but m a ny of
them r egiste r ed Ide alphe n o m en a. As's u ch,the r es ults ofthe s eobs e rv atio n s c a n n .tbe
u s edforide ntific atio n of s e a s o n al a spe cts in v a st ar e as･ Itisfo rthis rea s o nthat
,
in this
s e ctio n
,
e x ample s of studie s of s e as o n ala spects offo r e st ar e o nly gl V e n･ Table 2.1.2
pr o vide s pho n ological observ atio n sin 14 station s lo c ated in the Kr as n oyar sk
te汀ito ry･ The obs e r v atio n statio ns w e relo c ated alo ngthe m e ridia n ofgo
o E. T his
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l
infor m atio nisbased o n a spe cialpr o c e s slng Oftheinitial datade v elopedbyN. G. 鮎I arin
(1972)･ The obs e rv atio ns w e retr a n sfo r m edto the c o m mo npe riod of
'
obs e rv atio n s; a nd
they c a nbe c o n sider ed a slo ng-te n data. Bir ch tr e e w a s sele cted a s a nindic ator ｡f
s e as o n alaspects･ Byr o ughe stim atio n,thetim l ng Ofleafgr o wthca m elater at3daysbyits
appar e nt m o v em e nt to w ards n o rth, progre s singb女1o of latitude. I. N. Elagin(1983)
published v eryinte r estinginfo rm atio n o n s e as o n al a spe cts ofthe s o uthtaiga reg1 0 n Of
Siberia(Table2･1･3)･ ND VIvalu e s w er e c alc ulted fo rthe s a m elo c ality, a nd ar eshow n
in Table2.1.4
.
Table2.1.3
P he n ologic alindic ato rs ofs e a s o n ala spe ctsinSiberia(I. N. Elagin, 1983)
Regio n s Cbo rdin ate s Dates ofti mings e a s o n ala spe cts
Bla ck ‡nte n siv e Fullle af Autu m n al Le af fal且
●
SPn ng gr o wthof
le a v e s
a spe ct a spect
North 61oOO7 N - 15.06- 25.06- 10.07- 18.08- 25.09-
taiga 90
o131E 20.06 5.07 18.08 28.08 5.10
M iddle 59o3 0- N - 9.05- 1..O6-10.06･22.06- 2.09-15.09 No
taiga 91
oOOIE 15.05 10.08 infor m atio n
So uth 57o44IN - 10.05- 25.05- 15.06+ 1.09-10.09 No
taiga 93
o10IE 2 0. 5- 1_5.06 15.08 infor m atio n
No rth 5 6o20IN - 20.04- 20.05-5.06 5.06-1.09 8.1 0-15.10 No
forest
steppe
92o50- E 3 0.04 info r m atio n
G･ E･ Shultg (1981)had c alc ulatedthe m e an a n n u aldate s ofs e a sワnal dev elopm e nt ofLar chtr e ein the n o rth- e astpart ofSibe ria･ Thisinfo rm ation is gl V e nin Table 2.1.5.
Similarly, a v ery inter e sting study of s e as o n al aspe cts (phen ologic al s e a s o n s) w as
c o ndu cted byT･ N･ Buto rin a(1979)in the Kr a sn oyar sktemito ry, withintheli mits of52o-
68o N･ S heide ntifiedthr e e s e a s o n sftheyヲar(ex c ept ofwinte r):
､
spring, s um m er, a utu m n.
The a utho r als or e c o m m e nd dthe follo w ing S e a s o n al(periodic)e v e nts asindic ato rs of
se as o n al cha nge s of a spe cts:begln n lng Or m as s m elting of s n o w, begln n lng Of s ap
cir culatio nin Bir chtr e e
, begimipg of no w eringSw e etbrie r(Rose sp･), beginping of le afc olo r ation of Bir ch tr e e
,
beginn lng Of n e edle c olor atio n ofLa rchtr e e(LarlX Sibirica),
s n o w c o ver･ She saidthat tw oindic ato rs ofthe gr o w ing S e a s o n C a nbe n a m ed fo rthe
r eg1 0 n Ⅷde r consider atio n:birch s叩 Cir c ulatio nin spnng a nd 也e begin nlng Of lar ch
color atio nin a血 m n･ Thele ng也 of 也is s e aso nis2･5 m o nthsin 也e n o地
,
a nd 4.5 m o nths
in southparts ofthe r egl O n･
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2.2･ SiⅦdyo官s e 鮎 O m 汲且払Spe CせS of fo r esせ qr o m a畳r c r a赦 免md by a e T畳盈且pぬo紬S
Vt
'
sH alobs erv atio n sfro m airc F afl
Phe n ologic alobs e rv atio n s&o m air c r aftw er e c o ndu ctedby G. G. Sa m oilovich(1958)in
the fo r e st of Ru ssia a ndde s c ribedthefirst m ethodologyofthe s e obs e r v atio n s. N. G.
Kharin (195 8) used helic opter fo r similar obs e rv atio n s. T he te clm iqu e s requir ed
periodic al 凸ights abo v efo r e st tr a ctsto reglSterthe phen ologl C alstatu s of for e st ･ Du ring
the s u m m er oftheye ar ofobs e rv atio n,periodic al nights w e r er pe atedc on sistlnge a ch of
10-day du r atio n. Du ring the a utu m n als e a s o n, ho w e v er, the pe riodicity of obs e r v ations
w a sshorter(5- 7days)･ By phe n ologic al obs e rv atio n s, a n obs e rv er c o ulddistinguishthe
follo w ingfe atu r e s :
- La nd c o v e rtypes(fo r est, bu rnt fo r e st, fo r est c utting, s wamp, hay land,
agric ultu r alla nds, etc.);
- Co mpo sition offわr e ststa nds,bydo min a nta nds ub-do min a ntfわr e stspe cie s,
- Cr o w n clo s u r e
,
indo z e n sofper ce ntage;
- Age of for e st sta nds by gr o ups(yo ung, mi ddle aged, pr e- m atu r e, m atu r e a nd
o v er- m atu r efo r e st);
- Pests of fore ststa nds, ins o m e c a s e sJhe age nts ofpe stsbyindir e ctcriteria;
- P he n ologic alstage s of fo r e st(le aflng O ut, full le af, begin ning ofle afc olor atio n,
le affall
,
etc.).
In s o m e spe cific c as es, a n obs e rv e r c o uldestim atethe statu s ofu ndergro wth o r r egister
theinte nsityof 丘uctific atio n of fo r est tr e e s.
The re s ults ofphe n ologic alobs er v atio n s w er egl V e ninde s criptiv efo r m o r aphe n ologlC al
spe ctru m w aspr epa red･ Bythe s e obs e rv atio n s, it w as v e rydiffic ult tb u s equ a ntitativ e
criteria of s e a s o n al de v elopm e nt offor e st･ That w a sthe m ain sho rtc o m lng Ofthis
m e也 odology.
Study ofse as o t wla spects offor･e sts 砂 appLic atio n ofa er･ialphoto s
Fo r s e v e r alde c ade s
, gr o u nd s u rv eyin for estry a nd c o mpilatio n offo r est m aps w e re
ba s edo nthe u s e_ofbla ck
- a nd- white
, pa n chr o m atic, aerialphoto s ofdiffer e nts c ale s. The
Labor ato ry of Aerial Methods, Ac ade my of Scie n c es ofthe U S S Rc o ndu cted &o m1958-
1959 e xperim e ntal w o rks on the apt)lic atio n ofthe So vietfalse colo u rjilm SN - 2 fo r
in v e nto ry of Ru s sia nfo r est ･ The e x･pe rim e nts w e re c o ndu cted in Lisin oFo r e st District,
Le ningr ad r eg1 0 n, in Om ega Fo r est District, Arkha ngel
'
sk r egl O n a ndin s o m e othe r
regl O n S OfRu s sia･ T he s e e xperim e ntsde m o n str ated very go od c o rr elatio nbetw e e nim age
qu ality ofa e rialphoto s a ndphe n ologic alstatu s offo r e st .
Initialu s e ofthe te chniqu eby e nthu sia sts pr o v edto be over whelming ln thatits
applic atio n n e ed d strict s ele ctio n ofc o nditio n s or a e rialphotography(i.e . pr ope r
phe n ologic al statu s offor e st , highe rsun elevatio n, better w e athe r c o nditio n s etc.). In
public atio n s of S･ V ･ Belo v(1959) and E. S. Artzybashe v(195 9), the r e c o m m e ndatio n s
w er egl V e n abo utsele ctio n ofapr ope r s e a s o n ofphotogr aphy･ Ap plic atio n s of fals e c ol u r
pbotogr叩hs w er epqs sible 血 血 g 也e s u m m e rpe riod whe nfわresttr ees w er e･inthe stage
3 2
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offu ll le af. The begl nnlng Of le afc olo r ation in a utum n, w a s a nindic ato r ofthe pr oper
phe nologic alstagefo r applic ation of fals e c ol u rfilm ･ Butpa n chro m atic a ndc olo rfilm s
co uldbe u sed du ringthis s e as o n(Figtl r e S2･2･1 a nd 2･2.2)･
Applic atio n ofthis n ew fals e c ol rfllm ga v e a nimpetu sto furtherde v elopm e nt ofphoto
inte rpretatio n of fo rests a nd fo r c o mpilatio n of fo re ststa nd m aps･ Tw ogr o ups of for e st
tr ees
.
: c onife r o u s(Pine, Cedar, Spru ce)a nd de ciduo u s(Bir ch, Aspen and a co niferous
spe cle SLarch), w e r e cle arly distinguished in photo sbytheirdiffe r e nt c olo u rs･ T he n e w
丘1m als oimpr o v edtheinterpr etatio n offわre stda m age s, w ate r, s w a mps, a紳c ul山r alla nds･
Atpr e s e nt tim e, thefTollo wlng･film type s ar ebeing u s ed inthephotogr aphyof for e st in
Ru ssia(E. P. Da nyulis et al., 1989):
- Pa nchrom aticjilms T - 22, T - 2 7, T - 28 a nd T- 29, se n sitiveto visible
spectm m;
- Cpr o chrom jilm AS - 2;
- Infr ajilm , s e n sitiv eto n e arinfr a redspectr u m(m axim u m90 n m);
- Tw olayerfals e c ol urfilm S N - 6 withtw o se n sibilityregio n s :680I 800
n m a nd570- 670n m;
- T hre elayerfals e c ol u rfilm SN
- 23withthr e e sensitiv e r eglO n S :500
- 600
n m
,
580- 68 0n m and 65 0- 800n m;
- Colo ur film with natu r al c olo u r r epr odu ctio n, withthre e se n sitivelayer s
(590 - 730n m,5 00- 60 0n m a ndm a xim u m510n m)･ ､
The s a m e a utho rsde s cribedthefollo w l ngC ategorie s ofs c ale u s edfo rfo r e stin v entory a nd
m appi ngin Ru s sia :
- Photo s withgr o u ndre s olutio n1 km(sc ale1:8,000, 00),
- P boto s withgr o u ndre s olutio n250m(scale1:2,500, 00),
- photo s withgrou ndre s olutio n100m(appr oxim at占
'
s c ale1:1
,
000, 0),
- p hotos withgro undr e s olutio n25m(appr oxim ate s c alel:5 00, 00),
- p hoto s withgr oundr e s olution10m(appro xim ate s c ale1:200, 00),
- p boto s withgr oundr e s olutio n3 m a ndgre ate r(s cale1:50,000and larger)･
Forproper applic atio n ofthe sephoto s, strict obs e rv a nc e of s e as o n s of photography a nd
w e ather c onditio n sm aybe ne c e ss ary･
2.3. Us e of N O A A /A V H R R data fo r r etrospe ctiv e m o nitoringof fo rests
N D VTandphe nologic alpr ojile s
NOA A/AVH R R data w er efo undto be u seful for the analysis Of s e a s o n al a spects of
forests. No r m aliz ed Diffe renc eVegetationInde x PD V I)w a s calc ulated bythefo rm ula:
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Figure2･2･1･ Golde n autu m n･ O bliqu e a erialphoto fro m thepe rs o n al rchiv e s of NI G･
K harin.
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Figtl r e2.2.2. Se as o n alim ages oftaigafo r e st o npa n chr o m aticphoto s, Le ningr adr eglO n,
Ru s sia. Le氏photo - s u m m e r, c e ntr alphoto - a utu m n, rightphoto - wirlter.
Photo s丘om thepe rs o n alar chiv es ofN. G. 馳 arin.
＼
L_
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N D VⅠ-(N ‡鼠 - R E D)/(N 耳汲＋ R 五D)
where :N I政一 r ene cta nce享n n e arin&ar edspe ctr alba nd(cha n n el2 of A V H R R)
R E D- r e乱e cta n ce l n r edspe ctr alba nd(cha n n el 1of A V H R R)
Inthe c u rr e ntstudytw otypes of N O A A/AV H R Rdata w er e u s ed:
- Original data (1982 J999), 8-km r e s olution data･ The s edata w e r ege o m etric ally
r egisteredto a4 ar c- min ute grid･ On ehu ndr edthirty(130)sa mple plots w er e
s ele ctedforde s criptio n of s e a s o n al aspe cts offor e st fo rthe whole te ritory of
Ru s sl a;
- Apri11992- Ma rch 1993 data, 30a rc - s ec o nd r esolution ND VI data ･ The orlgln al
datain the Global Land1- km A V H R R data s etpr odu c edbythe United State s
Ge ologic alSu Ⅳ ey(U S G S)whichc o n sits of10- days c o mpo sites, no min ally トkm
r e s olutio ndata.
For each sample plot, the Me a nN D VT(4 ar c- min ute im agery)w a s c alc ulated 舟o m 5
c o ntigu o u spix els:
No rth
W est Ce ntr al Ea st
So uth
The m atic m aps andv a rio u spublic atio n s w er e u s ed a s asou r c e ofgr o u ndtruth info r m atio n
w血icbc o n sited of de s cription s ofs e as o n alaspe cts of氏)r e sts.
In v estigatio n sha v e sho wnthatN DV Iv alu eis a n objectiv e char a cteristic ofphe nologic al
stag甲 Of fote sts, m ainlytheir sea s o n al aspe cts be c a us eN D V I is a nintegr ated, 10-day
c o mpo site im age of apartic ularla nds c ape･ T hedyn a mic s ofs e a s o n ala spe cts c a nbe s e e n
挫o m aphe n ologic alpr ofile o n s a mple plot135(Figu r e2.3.1). This pr ofile sho w sthe
main stage s ofs e a s o n al de v elopm e nt of for e st ･ T he follo wing S e a so n al aspe cts c a nbe
ide ntifledfro mthispr ofile :
Winteraspe ct with N D VI≦0;
1･ Bla ck spring a spe ct with N D V Iv alu e s0 - 0.2 仲o m m elting s n o wtillthe
begin ning ofle afgr o wth);
2･ Le afgr o wtha spe ct, whe nleav es(n e edle s ofc o nife r o u str e e s)developinte n siv ely;
3･ Sum m e r aspe ct, whe nle a v e sfo rmthede ns e c o v e r a nd N D V Ivalu e sre a ch80% of
m a xim um;and
I 4･ Autu m n ala spect, when N D VIv alu e slo s s2 0 %丘o mthe s u m m e r v alu e.
Du ring s o m eye ars, phe n ologistside ntifytw o a ut m n al a spects :
”
golden autu m n
”
a nd
"bla ck autuhm n ･ T hela st aspe ctis aperiod whe nthele a v e sha v efalle n, but winterdo e s
n ot c o m e
,
a ndthe LS Oilu nderthefore st c a nopylS n ot C O V er ed withs n o w･ But this a spect
is n ot cle arlyide ntified o nthe ba sis of 1 0 dayspe riods, a nd n ot m u ch studie sha v ebeen
m ade o nthis.
In the n o rthe rntaiga ar e as, s o m e s e as o n al aspe cts c a n n otbe cle arlyide ntifled duringthe
ye ar s ofspe cific w e ather conditio n s･ Fo r e xa mple, the a spe ct of bla cksprlng m ay n otbe
obs e Ⅳ ed e v e ry ye a rinthe s e a re asbe c a u s ethe sprlng C a nbe v e ry c old･ In s u chc a s es, a鮎 r
3 6
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the winte r a spe ct, theperiodofle afgr o wth c o m e s･ Als o, a utu m nal aspects are n ot alw ays
obs e rv ed､
-
du ringtheye a rs ofe arly winter. Ex a mples ofthe s e凸u ctu atiohs ar egi v e ninthe
n e xts e ctio n ofthis chapte r.
Tw otype s ofv ariatio n s ofphe n ologic alpr oTl e s c a nb;distinguished:
1. Variatio n sin abs olute v alue s ofN DV Iwithinthe s a m e s e as o n oftheye ar. The s e
c a nbe e xplain edbythediffTe r e ntinte n sitie s ofphoto synthe sisduringthegr o w i ng
S e a S O n;
2･ Variatio n s ofthetim i ng Ofs e a s o n al aspe cts, whe nthepr ofileis r epla c ed alo ng
the tim e s c ale. These c an be e x.plained by diffe r e nt w e athe r c o ndit o n sin
diffe r e ntye ars.
”A bnorm al” (n ot e xpe cted) nu ctu atio n s of ND V Ic u r v e丘･o m
"
n o r m al” phe n ologic al
pr ofle c a nbe e xplain ed bydiffer e nt c a u s e s, a m o ng which ar edu eto:in月.u e n c e ofclo ud
c o ve rdu rin等theim agery r egistratio n(espe ciallyinspring),bys e n s o r n ois e a ndby othe r
er r or s ofpr o c es sl ng･ Butin s e v er alc a s e s, the s enu ctuatio n slo ok like o n epr odu c ed by
pathologic al age nts(e･g･ fir e s, in s e cts, fungi, etc). An e x a mpleis giv e nin Figu r e2.3.2.
P he n ologic al pr ofile s of Lar ch fbr est in1 985, 1986, 1987a nd in 1988 ha v ethe
follo w i ng spe cificfe atu re s:
1･ In 1985
,
Lar chstarted its c olo r atio nin August, pr obably u ndertheimpa ct of
pathologl C al fa cto rs,
2･ In 1986
,
the pr oflle w a s abn or m al be c a u s ethe NDVI v alu esfell duringthe
s u m m er, a ndc olo r atio nbega nin Augu st,
3. In1987
,
thegr e e n w a v e c am elter,but the statu s ofLar chfor e stbe c a m e n o rm al
by也e e nd of 也e s u m m er,
4･ In 1988
,
the ND VIv alu e sbegan to fall in 泡1y; which pr o v ed the fa ct that
photosynthe sis w as r edu c edduringthe s u m m e r.
Ashad be e n m e ntio n ed e arlierinthete xt
,
”
We athe rofa nytw oyea rsis n otide ntical
”
.
Retr o spe ctiv e m o nitoring ofpbe n ologic al stages of fわr e sts a nd c ultu r al v egetatio nis of
gr e at the o r etic al a ndpr a ctic alinte r est･ N O A A仏ⅤⅢRR is ahuge s o u r c e ofr e m otely
se n s ed datathathavebe e n c o ntin u o u sly ar chiv edsin c e1982･ Se a s o n al spe cts ofpla nts
c a nbe studiedwithinthe wholeperiod ofthe s e obs e rv atio n s･ The s c ale ofthis m o nitoring
hastw opa r a mete rs :par ameter oftim e(10days)and pa r a m eter ofminim ala rea(8kmX 8
km)･ The ch anges o c c u rr ed within 10 days
.
and within a minim al ar e a c a nbe n ot
r egisteredbythis m ethod･ So,lo w r e s olutio n I m age ry C a nbe u s ed fo r m o nito ring cha nge s
whichhave o c curr edat thele v elofpla ntfor m atio n s.
Ashade arlie rbe e nindic ated
,
130s a mpleplots w e r e s ele cted, c o rr e spo ndingto 1pix el in
siz e
,
a nd withthe do min a n c e ofBir chandsom e o也ertr e e spe cie s, Bir chbeing也e m ain
tree specie s･ Phe n ologyof Bir ch w a s studiedbetterinpr e vio u sin v e stigatio n s, andthistre e
spe cie s w as u s edL aS a nindic ator ofs e a s o n alperiodsfo r a erialphotogr aphyinthe for e st
of Ru s sia(N･ G･ E La rin, 1972)･ Furthe r m o r e, Bir ch isthe m o st c o m m o ntre e spe cie sin
mix edfor e st ofRu s sia
,
a nda n o min alna m e
H
Birch fo r e stn m ainlyr elate sto miⅩedfo re st
witha c o n side r ablepa rtofcr o w n c o v erbelo ngingto Bir ch. TheAtlas ofthe tJSSR Forests
(1973) w a s us ed as a s o ur c e ofgro u ndtruth in fo r m atio n.
38
Monito rL
'
ng of Sea so n al C ha nges ofVegetatio n ByN O A A /A VH R R Data
.O.7
0.8
O.5
O.4
O.a
O.2
0,1
0
･0..1
1
'
E
i
i
iよ
'
,
i
}
i
?
i
･
d;f
-一一
廟噂I
F w 現 .: 敬
･表 札 ､｡ 琶t l ㌔ - か 柑 85
- ･⑳ ･ - 19 86
････▲- 歯--･･.･ p･ l£187
- ･･ ･臥 - 1_9 88屠
‾ '”
-
L
･
･恕 三
･膿
■
確㌔
J r
A . A . . Li_. . 還豊
.
i4i,･:
.
‥ ‥ ‥ … … . .
蒜.蒜一遍優贋.敬啓
J 野 w w w y
'
W 貰警濁昭博嘗
I.- - 十 --･v, -十 - 十 -･十 十 - - 十-- -I -十 - - -十 - - 十 - ”- I - ＋- 十 - ･.､･.･, - r･て-
J F M A MA JN JL A G SO N D
i
Figtlr e2･3･2･ Abn o r m alv ariatio n s of N DVI du ring1985
- 1988 in1archfor e st ･ 1 - 1985,
2 - 1986
,
3 - 1987
,
4 - 1988
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Va ria伽 ns of ND V瓦wi 蝕in 也e s a me se a s o m a丑 spe cせs
Thes e v aritio n s w er e studied in10s a mpleplotslo c ated intheKr a s n oyar skadmimistrativ e
territo ry(Se eTable 2･1･2 &o mthe pr e vio u s s e ctio n)･ The n!axim u m v alu e of ND V I for
e a ch a spe cts ar egiv e nin Table 2･3.A. Black spring lS aPeriod withu n stable
characteristic s ofN D V I, be c a u s eitis atr a n sitio npe riod betw e e n winte r and the
begin n lng Of le afgr o wth. Ann u al v ariatio n sin phe n ologlC alstatu s a nd u n stable w e ather
c o nditio n s ar ethe s o u r c e s of gr e at v ariatio n sinthe abs olute v alu e s ofN D V I. T his
m e a n s, in s e v er al c s e s, v ariatio n s of N D V Ic a nbe attributableto te chnic al e rr o rs. In
ge n e r al, the abs ol山e v alu e s orN D V Ic a nbe s e e ntoin c re as e bytr a nsition 丘
･
o m n o rthto
s o uth
,
with v alu esB･o m O･0 75til O･2 93･ T hetr e nd ofr edu ctio nin v ariatio n sis cle arly
ide ntified
,
in the n orthe rnpart ofthe r egio n Wher ethe v alu e r e a che si70- 100%, while
inthe s o u也e m part±20- 40 %c a nbe s e e n.
Leafgr ow血indic ates 血ebeginnlng Of血e gr o wlng Se aso n. Thetr e nd of in c r e a s e ofthe
abs olute v alu e s of ND V Ifrom northto s o uth,logic ally, co m e s&o m clim aticindic e s, but
is n ot cle a rly e xpr e ss ed･ T his u n c e rtainty m aybepr obablydu eto tr e e sta nd c o mpo sitio n
a nd othe rlo c al phe n o m e n a. Variatio n sin N D V Iar e&o m ＋ 6 I 8% in the n o rth a nd
± 10- 15%inthe so uth ofthe study r egio n.
The m a xim u mgr o wth ofv egetation is obs e rv ed du ringthe s um m er aspe ct. The abs olute
v alu es of ND V Ic an be s e e nto in cr e a s e&o m 0.525 in Es s eito 0.765 in Ve rkhny
Ku血e mbar. Ho w e v e r
,
tw o ofthe m o st s o uthe rnpoints, Balyks a a nd Bogu cha ny are
e x clu sio n s丘o mthis ru1e･ In ge n er al, thisin c r e a s eis0.012 fo r atr a n sitio n ofo n edegre e
oflatitude. This c a nbe e xplained by m o r einte n siv ephoto synthe sisinthe s o uthe rn a r e a s,
a nd by de n s e r c o v e r ofv egetatio n. Variatio n s of N DV Iper c entage do n ot sho w a cle ar
tre nd･ Variatio n s ar e±12% in Igarka a nd So v etskaya Re ch ka, ± 1 - 2% in Ve rkhny
ku zhe mbar and Bogu cha ny.
T he a utum nala spe ct is n otstablein du r atio n a nd the v alu es of N D V Iv ariatio n s ar e
± 92% in Ess ei, ± 71% in Ver e chagin o and± 3 7 % in Ve rkhny Ku zhe mbar. Un stable
w e ather c o ndit o n sduringthis period ofye ar, including rain and e v en sno w m ay ha v e
be e nthe m ain r e a s o n s ofthis v ariability･ Se as o n alaspe ctsforthe s a m e obse rv atio npoints
ar eglV e nin Figllre2.3.3.
The nu ctu atio n s oftiming ofspringa nds u m m er aspe ctsfo r s el cteds a mpleplots(Table
2･3･2) ar egiv e ninTable2･3･3･ T hele ngthofthegr owings e a s o n a nd v ariatio n sintiming
ofs e a s o n al aspe cts depe nd upo n age ogr aphic a1lo c ation ofs a mpleplots, m ainlyintheir
latitudes･ Birchfo re st ofthe n orthtaiga (s a mple plot 13 2)hav e c o mpar ativ ely stable
pe riod ofbla ck sprlng, aS COmpa r ed wi也 othe r r egl O n S. Pr obably, w e ather c o ndit o n s
du ringthe begin ni ng Ofspn ng a r e r athe r stable. Variatio n sin the begirm lng Ofthele af
gr o wths e as o nfo rthe s a m eplotar e als o co mparativ elys m all.
Thele ngthofthegr o wing s e as o ni La rch w o odla nd(sa mple plot54)lastsfor3 m o nths
andone te ndaysperiod･ The a utu m n al a spe ctis short(2 - 3te ndays period), a nd the
inte r- a n n u alflu ctu atio ns are minim al.
Ve ry spe ciflCPhe n ologic alspe ctru m ca nbe s e e nin lar ch w o odla nd(s a mple plot47),
lo c atedinthe r egi o n With ete rn al 血) st･ The s oilm eltsher efo r a shortpe rioddu ringthe
su mm erm o nths･ T hegr o w i ngS e a s o nla ststhr e e a ndhalfm o nths, a ndtheperiod of bla ck
sprl nglS n otr egister ed o nte ndayslev el e a chye ar･ Fo rse ve r alye ar s, n e edlegr o wth of
Lar ch starts a鮎r‾the winte r a spe cts.
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Mo nito ring QrSe a s o n alCha nges of 托getatio n ByN O A A A V H R R Data
甘ab及e2｡3｡2
Sele cteds a mpleplots u s edto studythe s e a s opalaspe cts of fo r e st in Rus sia
Tr e e
spe cie s
刑 o食
n由 mbe r-
Co o r戚畳naせes ･Fo r estreg且O m S
●
Latitude Lo mg主軸de
Bir ch 132 65
o4 0- N 54oOO- E No rthtaiga of Fe n n o s c a ndia a nd
Ea stEu r ope a nPlain
岳ir ch 135 5 6o3 0' N 50oO6- E So uthtaiga a nd mix ed fo re st of
Ea stEur ope a nPlain
畠ir ch 15 0 60oOO- N 58oOO' E Taigafo rests ofthe Ur al
Pin e 13 0 63o44IN 83o44IE North wo odla ndof We stSibe ria n
Plain
Birch 2 56o42†N 77oO8
- E M iddle ands o uthtaiga of We st
Siberia nPlain
Larch 4 7 66oOO- N 106oOO†E Lar chw o odla nd of M iddle
Siberia nPlain
Bir ch 105 52o15- N 90o13- E Taigafor e st oftheSaya n- Altai
Mo untains
La rch 5 4 68oOOIN 15 0oOO- e La r chw o odla nd a ndtu ndr a ofthe
North - Ea stSiberia
Bir ch 85 50oOOIN 13 1o 0' e Taiga a ndbr o adle a v ed for est of
theFa rEast
Dw arf 73 55o3 0IN 16 1o3 0- E Wo odla nd of dw arf bir cha nd
bir ch dw arfc eda r of Ka m chatka
Table2.3.3
Inte 卜 a n n u al fluctu atio n sintim lng Ofsprl ng ands um m er aspe ctsinforests ofRussia
Domin a nt Plot Begin n mg of
●
Begin n lngOf
●
Bcgin n lngOfstl m e r
●
tre e n ll mber bla eksprlng
●
1eafgr o wth
Tm Te Tl Tm Te TI Tm Te Tl
Birch 13 2 4 B■4 B 5 B 5 B 5 B 6 B 7B 6 B 7 B
Birch 13 5 3 E 3 E 4E 4 B 4 B 4 E 7E 6 B 7 M
Bir ch 150 4B 3 E 4E 5 B .4E 5 M 6E 6 M 7 B
Pin e 13 0 4 M 4 B 5E 4 E 4 M5F 6 M 6 B 8 B
Bir ch 2 3 E 3 E 5E 4 E 4 M5如 6 M 6 M 7B
Lar ch 47 4 B 4 M 6B ･ 5 E-5 M 6 M 6 M■ 6 B 8 B
Bir ch 105 4 M 4 E 5E 5 B 4 E 5E 6E 6B 8B
Larch 54 4E 4 M 5E 5 B 4 E 5E 6E 6B 8 B
Bir ch 85 3 E 3 M 4 M 4 E 4 B 5E 7 B 6B 7 M
Dw arf
Bir ch
73 5 M 5 M 6E 6 B 6 B 6E 8 B 7B 8 M
Note : Tm - m e a n a n n u altendayspe riod
Te - the e arlie st te ndaysperiod
Tl - thelate st te ndaysperiod
8 - m o nth n u mber
B, M, E - begln n l ng, middle, e nd ofm o nth, byte ndaysperiod
Info rmatio n abo ut thetiming Of a utu m n ala spe ctsfo rthe s a m eplotsis glV e nin Table
2.3.4.
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l
甘able2.3.4
Inte r- a n nual 凱ctu atio n sintim mg ofthe a utu m n alaspe ctsinfo r est ofRu s sia
Do min a nt
tr e e
･ Plot
n u mbe r
Begin ningofle afc olo r atio m Endpf･le affall
･Tm Te TI■ Tm Te Tll
Bir ch 132 9B 8E 10E 10 E 1 0 M 10E
Bir ch 135 9B 8 M 9E 10 M 10 E llE
Bir ch 150 9 B 8 E 10 M 10 M 10 M ll B
Pin e 13 0 9B 8 M 9 M 10 B 9M 9E
Bir ch 2 9 B 8E 10 M 10 E 10 B 10 E
La rch 47 8 M 8 B 9B 9 M 9 B 9E
Bir ch 105 9B 9 B 9E 9 E 10 B 10 E
Lar ch 54 9B 8E 9 B 9E 9 M 9E
Bir ch 85 9B 9 B 10 M 10 M 10 B llB
Dw arf
Bir ch
73 9 M 9 M 10 M ll B 10 M llB
Fore sts ofthe middle a nd s o uthtaiga ofthe w e st Siberia nplain(s a mple plot2) hav e
lo ngergr o wing se as o n,(4 - 5 m o nths)･ He r e, theinter
- ann u al v ariatio n sin thele ngth of
se a s o n ala spe cts ar egre ate rtha ninthe n o rthe m r egi o n s OfRu ssia･
Su m m arlZl ng the studyofs e as o n alaspe cts of for estsin Ru ssia,itc anbe c o n cludedthat:
1. Thedu r atio n ofthegr o wlng S e asonin the s a mpleplots which w ere studied, m ainly
depe nds upo nthelatitude ofthe s eplots;
2. T he aspe ct ofthebla ck sprl ng lS n ot Stableinits du r atio n, be c a u s e ofthelarge
v ariabilityin the abs olute v alu e s of ND V I. Fu rthe rm o re, v ariatio n sin w e ather
c o ndito n sduringthis s e a s o nandtechnicalerrors attri butabletothe s e n s o r, a ethe
additio nals o ur ces of v ariatio n s;
3. Va riatio n sin tim lng the le afgr o wth and the s u m m er a spe ct depe nd upo nthe
ge ogr aphic allo c atio n a ndpr obablyupo nthelo c alc o ndito n s whichthe study did
n ot takeinto a c c o u nt, du etothela ck ofgr o undtruth info rm atio n;
4. Autum n ala spe cts ar e n otstablebe c a u s e oflargeinter- a n n u alv ariatio n sin w e athe r
c o nditiohs
,
e spe cialyinthe e nd ofthe study period;
5. In ge n er al, aphe n ologic alpr ofiledr a wn丘o m N D V I is a n objectiv e char a cte ristic
offo r e ststatu s, e spe ciallydu ring apartic ulargr o w lng S easo n. It c a nbe s aidthat
a11phe n ologlC al cha ngesin the fわre st c a nbe r egister edthr o ugh phe n ologic al
pr ofile s, at thele v elofplantfo rm atio n;
6･ Retr o spe ctiv e studyof fo r e st by phe n ologic alpr ofile s,ba s ed o n8-km im age ry, lS
a n ew m ethod of enviro n m ental m o nitoring which allo w sfo rthe study of
s e a s o n alaspe cts ofv egetatio n o n a reglO n al le v el.
2･4･ Us e of ND V I im age ry fo rfわr e st in v e nto ryin Sibe ria
The e xperim e nt w a s c o ndu cted in
” Baikal
”
e xperim e ntal ar e a withinthe c o ordin ate s:5 l
o
Oof - 51o 407 N
,
103oOO' - 104o 50' E. It w astlo c atedto the n o rthw e st of Lake Baikal
(Figtl r e2･4･1)･Thefo rest tr a ctincluded 3 4riv erba sin s ofthethirdorde r, which w er e u s ed
a sfわr e stin v e nto ry u nits･ T he stru cture a nd c o mpo sitio n of m o u ntainfo re st we r e studied.
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Figu r e2･4･1･ Lo c atio n ofthe e xperim e ntalar e a
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Thefor e stin v e ntory m apde riv ed年o mphotogr aphstake n鉦o m spa c e, and which had a
s c ale of 1:200
,
000
,
w a s u s ed a s a s o ur c egr o undtruthdata. Ac c o rdingto published
info r m atio n
,
the s ephoto s c a npr ovidethe mo streliableinfor m atio n o nthe c o mpo sitio n of
bo re al fo r est (M . I. Co ulombe, 1995)･ Like wis e, N D VI im age ry with 1-km r e s olutio n,
w as u s ed, whichc on sisted ofm e a n m o nthlyv alu es(&o m10-day co mpo sitedata)ofApril,
M ay, Ju n e, July, Augu st, Octobe r of 1992 a nd Ja n u ary of 1993 ･ The m e a n n u mbe r of
pi x elsfo r o n eriv erba sin w as12 0･
C鞄a racte yistics ofihefoFe Si c over oflhe e xpe l'im e nial w e d
In the e xpe rim e ntal are a
”
Baikal
”
, thefollo w lng Char a cteristic s ofthe fo r e st c o v e rwe r e
e stim ated uslng the abo v e- cited photogr aphs, witha s c ale1:200 000:
- Pe r centage ofthejTor ested la nd(L)whichw as e stim ated bythefo rm ula :S I L -
Sc/ S whe re :Sc - the siz e ofthefore sted are a a nd S - thetotalare a of basin s
,
- Integ
.
rib) offor ests(C), which isthe r elatio n ship ofthefor e sted ar e a(Sc)to all
pote ntiallyfo r e stla nd(Sl) or :Sl.A C - Sc/ Sl,
- Sha re ofco nljTe rou sfor ests(～), which isthe r elatio n shipofthe ar e a c o v e r ed with
c o nifer o u sfo r e st (Sn)tothe ar e aofthefore sted la nd: N - Sn/ Sc ,
- Shar eofm ature conlfe r o u sfor ests(N m), e stim ated a sthe relationship ofthe ar e a
ofm atu r e c o nife r o u sfor e st (Sm)tothe ar e a ofthefo r e sted la nd : Nm - Sm /Sc;
AIs o
,
this crite rio n r elate sto c o m m u nities ofclim a x c o nife r o u sfo r e st
,
- Sha re ofthe m ostproductiv eforests(P)whichthe relatio n ship ofthe ar e a ofthe
fo restlandtothetotalar e a ofpote ntiallyfor e stla nd, o rP = (Sc - ST)/ SE.
- Share of w o odla nd (R), estim ated a sthe r elatio n ship ofthe ar e a of w o odla nd
(Sr)tothe ar e a of fo re sted la nd Sc :A - Sr/ Sc,(w o odla nd isfo r e ststa nd with
lo w sto ckde n sity),
- D is
-
turba nce offo rests(D)which isthe relatio n ship ofthe are a ofthe s e c o nda ry
for e st tothe ar e a ofpote ntially for e stla nd･ As s e c o nda ryfor e sts, thefollo wlng
c atego rie s w e re c o n sider ed : c o nifer o u s, de cidu o u s, a nd mix ed fo r e st (yo u ng,
middle- aged a ndpr e m atu r e), a s w el a sbu mtfo r e st, w o odland a nd cle ar c uts , o r
D - 1 - (Sc - Sm)/ SL
Gr o undtruthchar a cteristics of thete st ar e au BaikalH aregiv enin Table2･4･1･ In ge n e r al,
the fore sts ar e char a cteriz ed by high degr e e offor e sted ar e a withthe do mina nc e of
c o nife r o ustr e e spe cie s. Co mpo sitio n of fo r est is r ather unifo rm. The shar e of m atu r e
c o nife r o u sfor est a nd w o odla nd islow .
The r'e s 〟11s of forestin v e nto坪 a nd dis c 〟ssio n
For the e xperime ntal ar e a, co rr elatio n w a s studied betw ee n ND VIa nd the m ain
char a cteristic sbfthefo r estc o v e
,
r･ M e an n u mbe r ofpix elsfor o n e riverbasin was120. The
r es ults ofpr o c e ssing ar egiv e nin Table2･4･2(Signifl C a ntc o rr elatio n withprobabilityp >
5･0000% inbold氏氾tS).
In gene r al, c orrelatio nbetw e e n m e a nN DV Ia ndthe char a cteristic s ofthefo r e st c o v eris
lo w
,
e x cept the shar e ofco nifer o usfor e sts.
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甘ah且e2.4.i
Grou ndtr u也 char a cteristic s ofthetestare a
砧 Baikal
' '
面貌si払
.n Ⅶ mbe 甘
･
L, % C, % N, % Nm , % P, % R, % D, %
1 90 93 89 37 89 4 42
2 96 98 87 35 94 4 36
3 96 97 72 43 96 1 45
4 91 97 69 35 93 4 37
5 94 97 91 42 94 3 44
6 95 97 91 3 9 96 1 41
7 99 99 82 35 93 6 36
8 97 1 00 85 41 98 2 41
9 93 98 83 30 89 9･ 31
10 81 85 84 28 76 ll 39
ll 9 0 95 92 29 88 7 33
12 94 99 83 17 86 13 18
13 95 95 72 1･8 84 12 22
14 83 loo 63 7 86 14 7
15 87 98 75 8 92 6 10･
16 87 95 90 19 88 7 23
17 88. 92 93 26 85 7
p32
18 82 95 87 19 79 17 23
19 75 84 92 4 0 7 0 17 49
20 82 98 92 21 86 12 23
21 47 96 86 22 82. 15 25
22 65 78 92 3 1 70 ll 46
.23 79 90 90 19 1 78 1.3 27
24 89 95 90 19 ･ 88 7 23
25 89 `96 92 21 ･90 6 24
26 93 98■ 90 17 92 6 19
27 94 98 92 31 93 5 32
28 84 99 61 16 91 8 1 7
29 90 97 91 38
T､専5 12 40
3 0 93 98 97 52 ■95 3 53
31 87 93 87 38 85
‾
8 43
32 93 97 95 30 93 4 32
■
33 92 96 94 ■15 93 3 19
34 82 95 90 3 1 86 10 34
Du ring Aprila nd May, de cidu o u str ee s ar ele ane s s a nd the N D V Ic o mpo n e nt of
c o nife r o us spe ciesis cle arlydistinguished･
But a s甘able 2.4.3 sho w s, thereis c orr elatio nbetw e e nthe share ofc o nifero u str e es a nd
N D V Iv alu e sdu ringthe othe r se a s o n s ofthe ye ar･ In con n e ctio n with that w e ha v e
c alc uhtedqu a si Ne wto nple C e Wis elin e a r r egr es sion which de m o n str ate s the c o rr elatio n
betw e
'
e n NDVIv alu e s(May ＋ Ju n e＋ Septe mber)andthe shar e ofc o nife r o u s spe cie s
(Table 2･4･3)I Co rr elatio n c o ef{l Cie nt ofthis m odel wチs O･934a nd standard de viatio n
totalled 4.25%. This a c c u r a cy lSr atherhigh, s othe e sti m ation ofthe share ofc o nifer o u s
tr e e sha s apr a ctic alimporta n c e･
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T盈恥瓦e2.4.盟
Co rr elatio n m atrix ofthefor estc ov e r char a cteristic s a nd NDVI;1-km r es olutio n
inthe.
uBaikal''e x.perim e ntala re a
F由r e s-tc o v e r
cha r a cte ristic s
ByN D V I,19 92
April 1覗ay JⅦm e AtlgⅦSt Septe mbe r Octobe r
Pe rc e ntage of
thefore stla nd
(i)
0.02 - 0.22 0.3 0 0.16 - 0.08 0.24
Integrity(C) -0.12 -0.20 -0.15 -0.17 -0.16 0.10
Shar e of
c o nifer o u s
for e st (N)
0.71 0.59 0.51 0.20 0.40 0.02
Shar e ofm atu r e
c o nife r o u s
fo re st (Nm)
0.25 0.18 0.25 0.71- 0.37 0.2 4
Sha re ofthe-
m o st
pr odu ctiv e
fo re st (P)
-0.05 , -0.21 0. 3 0. 4 0. 3 0.3 0
Sha re ofw o od
la nd(R)
-0.06 0.14 -0.2 1 -0.21 10.20 . -0.40
Distu rba n c e of
for e st P )
0.27 0.23 0.28 0_.71 0.39
‾ 0.21
Weha v e studied the ND VIv alu e sfo rdiffer e ntphysic alr egl O n S Of Siberia･ In ge n er al,
the s eintegr al char a cteristic s r egister edbylo w r e s olutio n s e n s or ar e clo s ely c o rr elated
withphysicalc o ndit o n s a nd stru ctu r e ofpla nt c o mm unitie s. Corr elatio n e stablished fo r
Siberia in our study c anbe u s edfo r estim atio n ofphyto m ass, beca u s epr odu ctivity of
for e st depe nds upo nthe qu a ntity ofhe at･ Su ch expe rim e nts w e r e condu cted in other
r egio n s of SiberiabyV･ M ･ Zhirin and N. Ⅴ. Yastr ebo v a(1997). Theystudiedc o rr elatio n
betw e en N D V I
,ge o m orphology, slope s a ndpr odu ctivityoffo r e stla ndsin Yakutia.
We als o c a n m entio n v eryInter esting study oftaigafo restsbyjoint te a m of Ru ssia n a nd
Japan e s e s cie ntists(Ma s ayukiTa m u r a et al., I998). The e xperim e nt w a s c o ndu cted inthe
Ob ba sin o n applic atio n of N D VIim age ryfo ride ntific atio n of differ e ntla nd c o v ertype s
in w etla nd ar e a･ The r esults w e r e v erified by gr otlndtruth data a ndhighr e solutio n spa c e
im age ry･ The follo wingla nd c o v e rtype s w e r eide ntifled : w etland, gr as s, lake, bir ch
for e st
,
C o nifer o u sforests.
Se a s o nal v alu e s of N D V Ico ntain v e ry impo rta nt char a cteristic s o n phe n ologl C al
de v elopm ent offo r est ･ Co rr elatio nbetweenthe ND VIv alu e sin sprlng m o nths a ndin
s um m er m o nths(Jun e,July and Angu st)c a nbe usedforfo r e c a sting the optim als ea s o n of
spa c e and a erialphotography a nd fo rpla n n ing the m e as ure sfo rfor e st r ege n e r atio n.
Co mbin atio n s ofthr e e m o nths v alu e s(April＋ July ＋ October)givesthebe str e s ults fo r
ide ntifi c atio n ofs e v e r alfo re st c o v ertypes･ A m eric a n s cie ntists(Zhillia ng Zhu a nd D. L.
Ev an s, 1992) als o u seds e as o n alc o mbin atio n s of N D V Ito studytheper c e ntage ofthe
for e st c o v er and m appingthe for e stla nds･ They u s edthe follo w i ngthre e c o mbin atio n s:
tw o w e eksin spnng, o n e w e ek in s um m e r a ndtw o w e eksin autu m n.
In c onclusio n w e w a nt to e mpha siz etheimporta n c e of applic atio n of lo w r e s olutio n
im agery fo r m o nitoring
-thetaiga for e st ･ Va st areas ofthe fo r e st in the regio n under
48
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c o n side r atio n ar edrastic allycha nged unde rtheimpact of fo re stfir e s, c utting a ndother
pla nneda nd n o n
-pla n n ed a ctivitie s ofpe ople･ Fo r e x a mple, E･ S･ Artsyba she v(1998)has
de v eloped a n e w m ethodologyfo r m o nito ringfo re stfir e sin Sibe ria･ This m ethodologylS
ba sedon applic atio n orN O A Aim agery･ Low c o st oftbisim agery a nd･tbepossibilty of
studyingthe s a m e objects aRer a shortperiod iftim e are u s eful fo r m o nito ringthefo r est
co v er. In o u ropl nl O n, the furthe rin v e stlgatio n s sho uld in clude the de v elopm e nt of a
m ethodologyofm ultiple applic atio n ofN O A A /A V H R R data,inparticular :
Table2.4｡3
The share ofc o nifer o u str e e s e stim atedbyN D VIvalue s
a ndthatc alc ulated bythe m odelinthe
"Baikal” e xpe rim e ntalar e a
Ba sin ntlmbe‡･s Sha r e ofc o nife r o tAStreeS, %
Estim ated byN DVI CalcⅦ1a4ed by m odel
1 89 88.66
2 87 88.19
3 72 78.35
4 69 73.44
5 91 90.86
6 91 91.03
7 82 80.05
8 85 78.5 0
9 83 83.79
10 84 80.96
ll 92 90.26
1
1
2 83 83.52
13 72･ 72.61
14 63 61.
1
52
15 75 67.52
16 90 87.93
17 93 91.56
18 87 89.98
19 92 92.14
20- 92 ･90.7 6
21 86 こ
t
＼: 90.90
22 ･92 92.87
23 90 90.16
24 90 . 92.ll
25 92 90.32･
26 90 90.12
27 92 91.27
28 61 68.66
29 91 91.66
3 0 97 92.09
31 87 90.75
32 95 92.64
33 94 91.06
34 ▲ 90 90.57
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- Registr atio n ofthe c u r re ntcha ngesintalga･fo r e st ,first Ofall for e stfir e s,in s e ct
da m ages a nd､othe rdis a sters,
- M o nitorl ngthe slo wde v elopi ng Pr o c e ss es,like rege neration ofcle ar
-c uts a nd
b∬ ntar e as,r ehabilitatio n ofthe a re as affectedbyins e cts etc･ ,
- Studyofphe n ologyoffor ests,thatisimporta ntforpla n n l ngr e m ote S e n sing
mis sio n s, for e c a stingtheyieldofs e eds offor e st tr e e s a ndfo rpla n ningthe
m e as ures of fo r estrege n er atio n.
2.5. P he n ologic al indic ato r s ofa erialphotogr aphic missio n s of thefo r e st in Rus sia
PHblishedphe n ologic alm aps
Phe n ologic al m appl ng lS V e rydifrl C ult ta sksbe c a u s e m a ny fa cto rs sho uld betake ninto
c o n sider atio n. So
,
s e v er als cie ntistspublishedm odelsforc alculation ofhypothetical dates.
On e ofthe s e m odels w aspublished by A. D. Hopkin s(193 8)･ This m odel is giv e nin
Figu r e2･5･1･ The m ap co ntainsis ophe n ologic alpar allels of3 0
o
,
40o
,
50o
,
6 0o and 70o･
The s epar allelsdo n otc oin cide withtopogr aphicpar allels a ndthe m ap c arl n otbe u s ed fo r
practic alp 叩O S eS･
T he s e c o nd e x a mple c o n c e rn s aglobalm odelofs e as o nal developm entofv egetation
pr opo s ed byB･ E･ Datier etall(1975)･ The a u也ors of也isprqjectpr epar ed也efわllo wing
phe nologic alm aps c o v e ri ngtheter ritory ofthe w o rld:
1. The m ap of
"
gr e e n w a v e
”
which in clude sthebeginn lng Ofgr o wth ofall
v egetatio nty pes(fro m agriculturalcr opstofore sts),
2. The m ap of
”br o wn w a v e”(the e ndofv egetatio ngr o wth,1e afc olor atio n a nd
ripe ning ofalltype s ofc o m)･
N . G. KLa rin(1966)publishedphe n ologicalm aps ofbir ch･ The s e m aps w er ebas ed o n
n u m erous obse rv atio npohts c o ndu cted in situ by m any obs e rv er s. Let
'
s c o mpar ethese
m aps(Figtl r e $2.5.2. and 2.5.3). W e c a n s e ethatis olin e s ofgr e e n w a v edo n ot c oin cide
with isophe n e s of bir ch. The gr e ate st diffe re n c e s ar e obs e rv ed in m o u ntain regl O n S Of
Siberia a nd in the Fa rEa stprobably bec a u s ethe gre e n w a v e Ign o r edthein月.u e n c e of
topogr aphy o nphe n ologic alphas e s･ The gre e n w a v einthe Eu r ope a npart ofRu ssia ru n s
at3o of thelatitudeto be c o mpar ed with is ophe n e s of bir ch. W e c a n s e eth s a m e
di飴r e n c e sbyc o mpa n ngthegr e e n w a v e withis ophe n e s ofle afc olo r atio n ofbir cb. Inthe
de sert z one ofthefo rm er U SR,the gr e e n w a v edo e s n ot c oin cide withtheis ophe n es of
thegr o wth ofwhiteSa x a ul(N. G. Kharin, 1972).
Phe n ologic al indicatollS Ofaert
'
alphotogr aphic missio ns
The pr oper s ele ctio n ofthe se as on sofa erialor spa c ephotogr aphyfo rfor e stin v e nto rylS
a n a ctu alpr oble mtil pr e s e ntdays･ By pr ope ride ntific atio n of othe rpa r a m eter s(s c ale,
film
,
filte r etc･), butn ota s uitable s e as o n ofa erialphotogr aphy,photo s ar e n ots uitablefor
fo r e st s u rrey ofhighqu ality･ A?co rd ingtopublished data 即 ･ G･ K harin et all , 1993),in
m any r egi o n s Ofthe fo r m e rU SS Ra e rialphoto s u s ed in fo r e stry didn ot s atisfythe
de m a nds ofs e as o n ality･ T hepe rc e ntage ofaerialphoto s ofimpr oper s e a s o n stotaled10-20,
a nd s o m e r egl O n S40- 50･ In seve r al c a s e s, fo re st su rv ey expeditio n s wanted
u
to s a v e
m o ney
M
u sing a erialphoto s ofbadquality･ B山inthis c ase, 也e a c cw acy ofgr o u ndsu Ⅳ ey
w a slo w.
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Spe cial phe n ological obs e rv atio n sfo ride ntific atio n of s e a s o n al indicators of r e m ote
s e n sing missio n s w e r e c o ndu cted in Ru ssia by S. V. Belo v(1959)E. S. Artsybashe v
(195 9)and N. G . 馳 arin(1977).
An e x a mple offi eld obs e rv ation s o nle afgr o w血 c o ndu ctedby N . G. Kharinin 1963 is
gl V e nin Figtl r e2･5･4･ Large s c ale a erialphoto c o v erlngthe e xperim e ntal are aisgl V e nin
FigⅦr e2.5.5. The e xpe rim e nt w as c o ndu ctedin Bekin for e stdistrict oftheFarEa st. T he
m ainpart oftr e e spe cies ofthis ar e ahad a ninte n siv egr o wthofleav e sdu ring o n e m o nth -
&o m M ay 10tillJu n e10. Only thre epla nt specie s(Qu e rcu s mo ngolica, P hellode ndro n
a mu rens e･ Fra xin usでan shuric a)c ontin u edtheirgr o wthdu ring alo ng pe riod oftim e : and
theyr e a chedthe m a x l m u m Siz e ofle a v e s o nlyinthe middle of July. So,inthe ar e a u nde r
co nsideratio n,the spn ng periodofa erialphotogr aphyla sted &o mJuneItill Ju n eI0.
Phe n ologic al indic ator sofa erialphotogr aphy du ring allse a s ons ofthe ye ar ar egi v e nin
Table 2.5.1. They a reba s ed o nphe n ologic al info rm atio n s u m m ariz ed byN. G. K harin et
al.(193).
Table2.5.1
P be n ologic alindic ato rs of a e rialphotogr aphyintaigafわr e sts
(N . G. 瓦11 arin et al., 1993)
Se as o n s of
y牢a r
P he n ologic alindic ato rs P hotogr aphic
Tl m s
Notes
Spring Fullle afofbir ch,begin n ing
ofle afing o ut aspe n, ope n ing
1eafbuds of fl a ndspru c e
P an chrom
Sll m m erFullle afof fir andspru c e Pa n chr o m,
h丘a
,
Fals e c ol r
Autu m n Begin n l ng Ofle afc olo r atio n Pa n chr o m, Fulle afc olor atio n of
ofbir ch ■Colo r .bir chistheindic ator of
the e nd ofthisperiod
Winter Endofleaffal ofbir ch and The s e a s o nishot_
lar ch s uitablefo r a erial
photogr aphy offo r e st
2･6･ Phe n ologic al indic ato r s of a erialphotogr aphic mis sio n s of fo r est in Ce ntr al
Asia
Optim als e as o n sofaerialphotogr aphy?f fo r e st in c e ntr al Asia(onthe territo ry ofthe
fo r m erSo vietRepublics), ar ediffTer e nt舟o mthatde v elopedfo rthete rritory ofRus sia. The
fo r ests of Ce ntr al As ia c anbe dividedinto thr e e m ain c atego rie s :de s ertfo re st , tugai
fo r est and m o untainfo r e st .
Forests Ofthede sel･Lz o n e
Du ring the Sわviet pe riod, shrub thickets ofthe de s e rt z o n e ofCe ntral As ia w er e
c o n side red a s for e st and stayed u nderthe c o ntr ol of Fo r estDepartm e nts ofthe fo rm er
So vietRepublic s･ W o odla nd a ndthickets of Sa x a ul(Haloxylion persicu m, H. aphyllyu m),
Calligonu m sp･ and s o m e othe rde s e rt shrubs belo ngedto this c atego ry of fo r e st ･ This
lふndc o verty pe playeda nimporta ntpr ote ctiv e r olefor stabiliz atio n ofm o vings a nddu ne s
54
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F ig町 e 2.5.4. T he dyn a mic s of le af gr o w也 in Bekin fo re st district, K habar o v sk
administr ativ e r egi o n, Ru ssia. O bs er v atio n s w er efu1filed by N . G.
Kharinin 1963･ Tre e n?m e s oftre e specie s:1
- Quercus m ongolica, 2 -
Phellodendr o n a muren se, 3 - Fr axin u s m a nshu rica, 4 - Tilia a m ur ens e,
5 - Ac er m on o
,
6 - Populus tre m ula, 7 - Ulm u sJaPOnica, 8
- Betula
pla 妙 hyla,
55
C hapter2 AFPlicatio n ofNOA A /A V H R R DatajTo rAs s es.s m e ntofSe a son al Aspe cts ofFo r･ests
Figur e2･5･5` Large s cale(1:3,OPO)photo.Co v eringthe e xpe rim e ntal ar e ain Bekin.
Be egarde nislo c ated inthe c e ntr alpa rtofthephoto･ Fr o mtheper so n al
ar chiv e s of N. G. K 血arin
5(;
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a nd w a sthe s o u r c e of fuel fo rlo c al populatio n. Pr ote ctiv e role of de s ertfo re st is
in c re a s edatpres e nt tim ebe c a u s e ofthepr ogr e s sinde s e rtific atio n.
N ･ G･ Kharh(1980)de v eloped a spe cialr e c o m m e ndatio n o n
.
s ele ction ofthe optim al
s e a so nfo r a erialphotogr aphy of de s e rtfore sts. Pa n chr o mfilm lSthe m o st s uitablefilm
for m applng Of de s e rtfo r est ･ Ap plicatio n ofc olor a ndfals e c ol rfilm sdidnotgivebetter
re s ults be c a u se of low spe ctr alrefle cta n c e ofdes ert shr ubsI Springisthe m o st suitable
s e as o nofa e rialphotogr aphy. T hefbllo w lngindic ato rs w er es ele ctedfor ide ntific atio nof
thepr oper s e a s o n ofa erialpbotogr叩hy:
l･ Fo rthebegin ning ofthepe riod,begin ning ofgr o wthof white s a x aul(Halo xylo n
pe rsicu m), 1 0 dayslater a洗er appe ara n ce ofthefirst V egetativ e sho ots,
2. Fo rthe endoftheperiod, dryingup ofephe m er oid Carex phys ode s.
The date s ofthe optim als e a s o n ofa e rialphotogr aphy ar egi v e nin Tab且e 2.6.1. T he se
date s ar e c o rrected fo rthe a n n u alflu ctu atio n s
,
a nd Table2.6.3c a nbe u sed in a ny ye ar.
Table 2.6.1
Optim als e a s o n ofa erialphotogr aphyordes e rtfわr e st inCe ntral Asia
(N. G. K ha rin1980)
Ge ogr aph五c a丑r eg且0 汲S
I
Op也m a丑s e as o n s ofa e ria五節払otogr aphy
Begin ni噸 End Le ngth,days
So uth EastKar aku m 20.03 20.04 32
Ce ntrala ndUngu z
Kar aku m
1.04 25.04 25
･ Kyzylkdm 5.04 25.04 21
Des erts of North
Kaz akhsta n
20.04 5.05 16
Mo tmiainfoy e si
Study ofphen ologyofbr o ad le aved m.
o untain forests and m e as u re m e nts ofspectral
r efle cta n ce (N. G. Kharin et al., 1981) w e re u s ed by A､∴:G. Rozhke e v
､
(1979)for
ide ntific atio n of pr oper s e a s o n s of a erial photogr aphy. Expe rim e ntal w o rks w ere
c o ndu cted in Firyu z a e xperim e ntal ar e a, lo c ated in Ce ntral Kopetdag m o u ntain s,
Tu rkm e nista n. In Table 2.6.2 these rec o fll mendation s are glV e n. One ca n s e ethat full
sprlng Periodisthe m o st s uitablefo raerialphotogr aphy, a ndpa n chr o mfilm c a ngi v ethe
be st r e s ults of photo interpr etatio n. Applic atio n offals e c ol rfilm didn otgiv ego od
r e s ultsbe c a u s e of verylo w mixtu r e ofc o nife r o u str e e s(Un lberustu rkestanic a)･
Tugaifor es由
Tt唱al V egtatio n o c c uple S riv e r v alleys a nd delta s or m a ny riv e rsin Ce ntr al Asia･
Vegetatio n c o n sist ofthethickets ofPopulu sdivers lfolia, Salix sp･ a nd m a ny other shrubs
a ndgrass e s, par c els ofagric ultu r al la nd a nd w a stela nd. The are as oftugaiv egetatio n ar e
redu c ed in Ce ntr al As ia &o m ye a rto ye ar. Photogr aphicim age s oftugai ha v e spe cific
m o s aicbe c a u s e orc o mbin atio n of di飽re ntla ndcov ertypes. Only applic ation of large
s c ale photo s c a npr o vide apr oper m apping ofthe s ela nd c o v e rtype s･ A･ G･ Ro zhke e v
(1976)studiedphe n ologya ndspe ctr alr efle cta n c e oftugaiv egetatio nin the Tedzhe n o asis
of Tu rkm e nista n. The r e s ults ofthes einv e stigatio n s aregl V e nin Table2.6.3.
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甘盈払且e2.6.2
Se a s o n s ofa e rialphotogr aphy of br o ad le a v edfo r e st ofthe Kopetdag m o u ntain s,
Tu rkm e nista n(a鮎r A. G. Ro zhke e v, 1979, m odifl ed)
Aspe c♯s ･Phe n olog豆c a且indic aio rs Co ntr ast
spe ctr al
ba nds,
n m
-Spe cirlC C O nditio n s
ofa e rial
photography
●
Begin 弧I ng End
Early Begln n l ng Ofgrowth Mas sno w e n ng of･ 550- 650 Theperi.
od is s uitable
SPrl ng ofephe m e r al Amy gdalu s to study w ate r
v egetatio n(thefirst tuc om a nica (the e r o sio nby
tenday‾ s e c o ndte nday applic ation of
pe riodof Mar ch) periodofApri1) p?n chr o m a nd
in舟af1 m s
Ful Ma s sflo w e rlng Of Dryingup 500- 700 Thepe riod is s uitable
SPn ng_
Amygdalu s ephem er al for applic atio n of
1uc o m anica (the
s e c o ndte nday period
ofApril)
v egetatio n,
e nd二ofinte n siv e
growth oftr e e a nd
shrub le a v e s(the
s e c o ndte nday
periodofMay)
pa n chr o mfl m
Su m rhe■r Dryingupephe m e r al Ma s s c olor atio n of 550- 750 Theperiod is
v egetatio n, le a v e s.
■of cha r a cteriz edbylo w
e nd ofinte nsive Amygdalu s c o ntr a stbetw e e n
gr o w血 oftr e e a nd turcom anica (the Jun lberus
shruble a v es(the thirdte nday period tu rke sta nic a and
s e c o ndte nday period
ofMay)
ofSepte mber) de cidu o u str e e s
Early Ma s s c ol r atio n of Ma s sle af 500- 650 Se v er altr e e spe cie s
a utu m n le a v e s of c olo r atio n of ar e n otpI Ctu r ed o n
AmJgdalus Cercis a erialphoto sbe c atlS e
tu rc om anic a(the grl#thii(thethird theya rele afle ss.
thirdte ndayperiod te nday periodof Pa n chr o m a ndcolo r
ofSepte mbe r) Octobe r) film s c a nbe u s edto
studyphe n ology
Late r M assle afc olo r atio n Fu11le affa11of 580- 7 00 The m ain part oftre e
a utu m n of Ce rcis Cercisgrl#thii spe cie sis n ot
grl#thii(the third (thethirdte ndays pictu r ed, e x c ept
te nday periodof period of JunlPeru S
Octobe r) No v e mbe r)■ tu r c o ma nica a nd
s o m e othe rtr e e sof
1aterleafc oldr atio n
Winter Fullle affallof Begin n lngdf No n e Lo w c o ntr a stbetw e en
Cercisgrl伊thii gr o wthdfephethe- differ e ntgr o u nd
(the
.
thirdte ndays r alv egetatio n(the objects. Theperiodis
pe riod ofNo v ember) first te nday
period of Mar ch)
n ots uitablefo r a erial
photogr aphy
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甘a払且e2.6.3
Se a s o n s ofa erialphotogr aphyoftugaifo r e st of Tu rkm emista n
(a氏e rA. G. Rozh keev,.1976, m odified)
Aspe cts T he n/o且ogic a且indic ato r s Co mせr a sせ
spe ctr a且
払amds, n m
Spe cirlC C O nditio n s
ofa e‡･ia且
･ pho加増r aphy
●
B喝in n 且ng End
Ea rly Gr o wthofshrubs Le afingo ut of 5 00r
- 700 Pa n chrbm fl m isthe
SPrlng (the s e c o ndte nday Populus m o sts uitable,but the
peribdof Mar ch) diversljuia
(thethirdte nday
periodof April)
period is char a cte riz ed
byn otstable spe ctral
r e月.e ctahc e ofpla nts
Spring Le afingo utof Dryingup Carex 500
- 625 Pa n chr o血 a ndfals e
Populu sdiv erslfolia phys odes 700- 840 c olorfilm s c,a nbe
(thethirdte nday (the s e c o ndten u占ed. Thebe st
p?riodofApril) day periodof
May)
c9ntraStbetw e e n
difer e ntgrou nd
objects
Su m mer Dryingup Carex Le afc olo r atiopof 625｢ 65 0 Highco ntr astbetw ee n
physodes(the a11tr占e s a ndshrubs riv e r v alley
s e c o ndte nday (the s e c o ndte n v egetatio n, de s ert
pe riodofMay) day periodof
October)
yegetatio n a nd
agric ultur alla nd.
Applic atio n offals e
c olorfilmis
r ec o m m e nded
Autum n Le afc olor atio n of Fu111e af 免.1lofall 550- 625蔓Unstable spe ctr al
alltr e e s a nd shrubs tre es a ndshrubs 750- 840
ー
ヽ
＼
ヽu.,,
r ene cta n c e
(the s e c o ndte nday (the s e c o ndte n . characteristics of
periodofOctober) day pe riod.of
De c e mber)
･des ert'v egetatio n a nd
agric ultu r alla nd.
Aerialphotogr aphy
c a nbe us ed o nly for
specifl CtaSks, e.g. for
m elio r atio n studypf
tugai
2.7. M ethodologyofco mpilatio n of the m aps of s e a s o n al a spe cts o nthe ba sis of
N D VI im age ry
●
N D Vt data a nd itsprepT O C eSSlng
The s o u r c eN D VIdatais Pa仇丘nderglobal 10day c o mpo site 8 km A V H R R N D V I data
whichis availablefr o m :
也
Moreinfor mation abo ut the data canbe obtain edfrom :
也
T hefollo w lngSteps Ofprepr o c essl ng W er e appliedto thes eND VI data:
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(a)TTTa n SfoT7 n ation ofmap proje ction
The origin al m ap pr oje ctio n is Inter rupted Go ode 放)m olo sin epr oje ctio n. It w as
tr a n sfor m edto Plate Carr e epr oje ctio n(latitude/lo ngitude c o o rdin ate system)fo r e a sie r
u s age ofthedata.
(b)Te mpor alWindo wOpeTWio n(T W O)Method
lO Jay c o mpo site N D V I data stillin clude s o m e clo uds which pr e v e nt to e xtr a ctla nd
s u rfa c einfo r m atio n&o m N D V I data･ In orde rto re m o v ethe effe ctby clo uds,the T WO
m ethodw a s appliedtothetim e s eriesN D VIdata･ Bythe T W Om ethod, sm o oth s e a s o n al
changepatter n of N DVI data c a nbe obtain ed.
(c)Transfo f7 na tion#o mN D VItoR G
The Relativ e Gr e e n e ss(RG) c alc ulated by the folo wing fo r m ula w a s us ed fo rthe
s ubs equ e ntpr o c e sl ng Orthe dete ction ofs e a s o n al a spe cts･ The use of R Gis simplyto
n o rm aliz ethe variatio n of N D V Iv alu esipon eye ar･ T histr a n sfo rm atio n w a s applied for
e asierdete ctio n orpbe n oligic alpha s e sde s cribed belo w.
R G(i)-
(舵)”(I) - min N D W)
(m a xN D 打 - min N DW)
×100 wher e N D VI(i) ･ ･ . N D VIat the time `t'
m aXN Dtq - m a xim u mN D VI ina ye a r
m lnjVDtq - minim u mN D VI in aye a r
Dete ctio n ofphe n ologic alphas es
Figu r e2･7･1is a s che m atic gr aph showingfiv ephe n ologic al pha s es(phe n ologically
char a cteristictim e s)in aR Gc ∬ v e ofo n egr o wing cycle.
- startihg periodofgr owings e as o n(G S)
- starting perioqof fu ll1e afs e a son(FL)
- pe akperiod(PP)
Fiv e chara cteristictim e s ar e:
- sta rtingperiod ofle afc olo r atio n(L C)
-
I
eildbfle a{fal(L F)r
Figtl r e2･7･2 and Figu r e2･7･3 sho who wtodete ctstarting pe riodof-g
r owings e?,苧o n(GS.)and e nd of le af fall(L F)re spe ctiv ely. The GSis defl
-
n ed as'▲the･middle tim ebfthr e e
c oTS e C utiv e10-gay,Relativ eGr e e?e ss(RG)s, withRG v alu e･s.ofR9iTl, RGi, a ndR Gi･.inthe orde r oftim e
,
whidh
.
ha sthe m akimhm ialuebf(RGi･. - RGi-.)a ho ng allsets oftbre e
c on s e c utiv eRG･ Similarly,the L Fisdefin eda sthe middletim e ofthr e e c ohs e c utivt･1 0-_
day Relativ eGrqe n e s s(RG)s, with R Gv alu e s of.R Gi
-1
, R Gi,_a nd R Gi
＋lin the order of
tim e
,
whicha sth占mimin u m v叫e of(RGi･i - RGi-1)a血わngalls ets ofthr e占c o n畠e cutiv e
R Gs.
Fig｡.re2･7･4 show?ho wtodete ctpp味 period(PP)･ The･P P阜sdefin e.d asthe middletim eofthre e c o ns e c utiv e10-dayRelativ e■Gre en e s s(RG)s, with R Gv alu e s of R G ト1;R Gi, a nd
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R G(%)
92
0
G S F LP P L C L F
也m(ラ
Figu r e2･7･1 Dete ction ofstartihg periodofgr owings e as o n(G S)
■
サ '
しL
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R G(%)
R Gi＋1
R Gi
R G卜 1
1 0 day
i - 1
■
1
†
G S
i＋1
tim e
Figtlr e2.7.2 A schem aticgr aphofphe n ologicalphas es
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R G(%)
RG卜 1
R Gi
RGi十1
10 day
i - 1 1 i＋1
千
L F
tim e
Figtl r e2･7･3 Dete ctio n ofe ndofle affal(LF)
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R G(%)
RGi
R Gi - 1
R Gi十1
10day
i - 1 1 i＋1
千
P P
tim ()
Figtlre2.7･4 Dete ction ofpe akpe riod(P P)
64
Mo nito ring ofSea s o n al C ha nge sofT(egetatio n ByN O A A /VH R R Data
R Gi＋1in the order oftim e, which ha sthe m aElim u m v alu e of(R Gi- 1 ＋ R Gi＋ RGi･1)
am o ng alls ets oftbr e e c o n s e c utiv eR G･
Figur e2･7･
'
5 sho w sho wto dete ct starting period of fu ll le afs e as o n(F L)a nd sta rting
period of le afc olo r?tio n(L C)･ The F La nd L Car edefin ed a sthetim e s crossingthe R G
lin e of 92%in a s e as o n alRGc u r v e. Thetim e ofin c r e aslngRGisF Land decre asing O n e
isL C. T he R Gv alu e of 92% w a sde cided&o mthegro u ndobs e rv atio n sof birchlle a v e sin
Kr as n oyarskte rito ryin1950
-1970which_is sho w nin 甘abRe2･1･2･
FigⅦr es2･7･6(a),2･7･6(b),2･7｡6(a),2･7･6(也),2･7･6(e)sho wphe n ologic alpha s e s of for e st
ofRussiadete cted bythe above m ethod u sing A V H R R N D VI data(1982-199). These
flgur eS Sho w the a v er age of 10ye ar s which ha v e midle v alu e s(tim e of 10-day u nit)
during1982a nd 199. In thelege ndofthe flgu reS,fo r e x a mple,
"
4 B”
,
"4 M”
,
a nd "4E”
m e a n1-10 April,1 ト2 0April, and 2ト3 0 April, r e spe ctiv ely.
2.8. Pr a ctic alap plic atio n ofthe m aps ofs e a s o n alaspe ctsinfo r estry of RtlSia
The c on c eptu al appro ach is
■
ba s ed o n the pr e vio u s study･ora erial a nd spa c ephoto s
obtain ed by photographic a ndn o n-photogr aphic r e m ote s e n s o rsdu ring diffe re nts e as o n s
oftheye ar.
Winte r?nd
”
bla ck sprlng
”
periods ar e n ot s uitable for a erialphotogr aphy, e x c ept s o m e
spe cialc ase s･ Du ringth己sprl ng Periodthe r e c ognitio nfe atu re sforide ntific atio n offo re st
spe cie sチre n otStable, v aryingA:o mpla c etopla c e･ So, a erial(spa c e)photo s c a n n otgiv e a
sta ndardu nifo r minfo rm atio n abo ut the c o mpo sition of for est sta nds, cr ow nde n sity a nd
statu s of fo re st , e spe ciallyifphoto sare us edin v astar e as･
In s u m m er, tr e e spe cieshave thehighestspe ctr alrene cta n c ein visible
l
a nd n e arinfr ar ed
r eglOnS･ Duringthis s e a s o n, the re c ognitio nfe atur e s, e spe ciallyto n ala nd c olo rare m or e
orle ss stable. Butin 也e e nd of 也egr o w l ng S e as o n, Wbe n也e gree n chlor ophyllpigm e nts
ar elo st
,
thele ave sin c r e a s e m arkedlytheir renecta n c einthegrepn rqg10 n Ofspe ctru m, and
de c re a s eitin n e ar-in牡ar edr egl On.
Other s e as o ns ofthe ye a r ar e n ot s uitable o rle s s s uitable for a erialphotogr aphy, e x c ept
spe cialc as e s whe n u s er s ofre m ote s e n sl ngdata n e eda spe cificinfor m atio n aboutfore st. tI
sta nds o r abo ut pr o c es s e s o c c u rr ed in fo r e st e c o syste m s. Ⅰ正
一･.-the se c a s e s, the gl V e n
phe n ologic al m aps, includingthe
l
m ap ofthe starting pe riod ofgr o w lng S e as o n, C a nbe
u s ed.
A m ethodologyof e stim atio n ofthe pr oper s e a s o n sof ae rial(spa c e)photogr aphic
missio n sisgiv e nin Appe ndixIV(P H E N O TA IGA)･
Ou rphe n ologic al m aps c a nbe usedfo ride ntific atio n ofthe pyr ologic al s e a s o n s ofthe
ye ar･ As kno w n,
H
fo re stpyr ology
n is a s cie n c e offo r e stfir e c o ntr ol･ Ac c ordingto study
of M. A . So&o n ov a nd A. V . Volokitin a(1990), phe n ologic alindicator s c a nbe u s ed fo r
ass e s sm e nt of pyr ologlC al se a s o n s ofthe ye ar･ Pyr ologlC al char a cte ristic s of mix ed
(c o nife r o u s-de cidu o u s) fo r e st c o rr elate with s e a s o n al statu s of fo re st sta nds,
u ndergr o wtha nd s oilc o v er･ T he s epyr ologlC alchar a cteristic s c o n c e rnfo r e st withgr a ss
s oilc o v er･ The s efo resttypes ar e m ainlylo c ated inthe s o uthe rn r egio n s ofthetaiga s ub
-
z on e. Gro u nd v egetatio n c o n sistingofs edge(Car e xsp･)a nd w ood - r eed(Cala m agrostis
sp.)stim ulatetheinitiatio n of fo r estflr eSin a utu mn whe nthe s epla nts ar edrya ndfo rm a
kind of dry m atte r(fo r estlitte r). Litter c a nbe tr a n sform ed n e xt s u m m erinto s o c alled
‖1e af fall
''
a ndtha n - into
り
fo r e st月.oor
”
.
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o n ofN O A A /A V:H RR DatajTorAss e ss m entofSea s o n al AspectsofForests
R G(%)
92
0
F L L C
tim e
Figu r e2,7.5 Dete ctio n ofsta rtingperiodoffulle afs e as o n(F L)and sta rting
period ofle afc ol.o r atio n(LC)
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chapte r2 Applic atio n ofN O A A AVH R R Datafo rAss e ss m e ntofSe a s o n al Aspe cts ofFore sts
Alayer of fol
･
e Stmo orisfo rmedin adtu m n, beingl n s o m e C a s e sdry a nd s oft, and it c a n
bein且a m ed byfbre st丘r e･ Thele a且e ssfわre stc a n opylSper m eable fわr s u nrays; a nd iftbe
w e athe ris dryfireda nderisin c re a s ed･ Thele afle s sfor e st c a n op ylS als oper m e able fo r
wind which c an stim ulatethe spr e adingof for e stfireinhillc o u ntry･
so the authors m e ntio n ed abo v eha v eide ntifledthefTollo w lngflV ePyr Ologl Cals e as o n s of
tbeyear :
1. Thatisthe se a s o n of
”black spn ng
H
which iside ntified bythe se as onal aspe ct of
the s a m e n a m edr a w nby N D V I･ The e nd ofthis s e a s o nis m arked bythe m叩
(G S);
2･ The secondperiod is m arked bytw ophe n ologic alindic ato r s :begln nl ng Ofleafing
o ut de cidn o u stre e s
,
皿 d 也e end - bythe day whe nthe pbyto m a ssofgr e e n
herba c e o u s v egetatio n (in dry weight) be c om e s equ al to phyto m a s s of
deco mpo s ed le af fall. Thispe riod c oin cide s withthe s easonalaspe ct(F L);
3･ The third pyr ologl C al s e as on la sts untilthe day whe nfbr e st 血 e c a nbu m dry
w o od- reed a nd sedge(in c a s e of dry w e ather);
4･ Thefbu 血 period is called
㍑
golde n au 山 m n
=
,
it c oin cide s withthe aspe ct of le af
c olo r atio nide ntified byN D VI.(L C)Gra s s c o v erist a n sfわrm ed du ringthispe riod
intolitter, butfireda ngeris n ots ohighbe c a u s e of fre st c anopylS r edu c ed o nly
in the e ndof 血is s e a s o n;
5･ Pr e⊥winte rperiod is aperiod of
Hbla ck a utu m n =
,
fro mle af fallu ntilsn o wfa11･ The
layer oflitter a nd falle nle a v eshasthe m a xim u mthickne s sduringthispe riod･ Fire
dangerislo wdu ringthistim e, exc epts o m edays with dry w e ather･ But thispe riod
is v e ryshort a nd itc ann otbeide ntifiede a chye arby o u rphe n ologic alm aps･
It sho uld beindic ated he rethat
”
thebr o w n w a v e” in agn c ultur alla nds appe ar ed e arlie r
tha nin fわr e sts. T hatis e spe ciallychar a cteristicfbr 血e s outbe m r egl O n S Ofthefわr e st zo n e
wher e m a ny pix els ofagn c ultur a1lands ar e mixed with fore stpIX els･ So, one can s eein
this m ap great variatio n sintim lng
u
thebro wn w a v eM in tw otype s of lands - forest a nd
agrlC11 仙r alla nd.
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3.i. ‡mte rpr etatio n og N D VⅠim age ry.
Form atio n ofN D VT im ageヴ ･
Spe ctr alr ene cta n c e ofgro u nd objects within apl X el, stru cture ofpla nt c o m m umitie s a nd
optic alpr ope rtie s of ba ckgr o u ndplay animpo rta ntr olebyfo rm 1 ngthefin almikedND VI
slgn al･ Thetotalc ove r ofv egetatio nin the desertislo w, being1 0- 30% depe nding o n
physic al c onditio n s a nd degr adatio n･ As kn o wn, v egetation is adaptedto spe cific s oils,
depe nding o n s e as o nalperiods ofsatu r atio n･ So, the s e a s o n al change s ofv egetatio nhav e
innu e n c e ofthefin al im agery･ Se v e r ale x ample s ofthe cha nges ofs e as o n ala spe ctsinthe
de se rt z o n e ar eglV e nin s e ctio n s3･2, 3･3･ 弧 d 3･4 oftbis cb叩ter･ Te mpor ary cb皿ge S Of
s oilm oistu r ein the de s ert c a n als o cha nge theim age ry･ Fo r e x a mple,in the dese rts of
Ce ntr al As ia
,
te mpo r a ry 加 oding the r a ngela nds a r o u nd o as e sby Irrigatio n wate r
stim ulatethegr o wth ofv egetatio n a ndthe cha nge ofpla ntspe cie s c o mpo sitio n･ As a re s ult,
the o a si bordering ar e a sha v ehighe rN D V Itobe c o mpar ed with de s e rtla nd･ Thepla c e s
withper m a n e nt m oistu r e s atu r atio n c a nbeide ntifiedbyhigher v alu e of N D V I. In the s e
pla c e s v egetatio n c o v erage c a n r e a ch 50 - 60 %a nd e v e n m or e. Oa s e s with c ultu r al
vegetatio n a ndriver v alleys withshrubthicketsbelo ngtothe sela ndc o v ertypes･
1
Corr elatio nbetw e e n r ainfal a nd ND VIw as studied inthedesprts of Ce ntr al As iabyN . G.
K harin et al. (1988). In this study c o rr elatio n w as established betw e e n.the s u m of
pr e cipitationsin Aprila nd Maya nd ND V Iv alu e sfo rM ay21- 3I. Co rr elatio n c o efflCie nt
w a sO･62- 0･726･ N D V Ivalu es w er e als o c orr elat dwi也也e degr e e of la nddegradatio n
inCe ntr al Asia･ The e xperim e nt te stifledthefactthatlo w r e s olutio nim ageryc o uldbe u sed
forde s ertific ation as s e s s m e nt at the r egi o n al 1e v el･ This c o n c eptw as u s ed by pr epa r atio n
ofdesertiflC atio n m ap ofthedryla nds of Asia即 . G. Kharin etal., 1999).
'
t
lnv?stigatio n s c o ndu cted by H･ Schmidt a nd A ･ Ka r m eli(2boo)in tw o se mi-de s e rt
en vlr O n m e ntS Ofthe Nege v de s ert appr ovedthis appr o a ch. T he夕 u s ed N O A A /A V H R R
s atellitedata
,
1･1km r e s ol山io n･ Relatio n shipbetw e e nm o nthly m a xim u mN D VI data a nd
m o nthlyr ainfallin s a ndy a ndr o ckye n vir o n m e nt w a s e stablished. Thehighest co rr elatio n
c o effic e nt(0･46 - 0･55)wa sobse rvedbetw e e nN D V Iv alu es anda m o unt ofr ainfallduring
the co n c u 汀e nt m o nth a ndthetw opr e vio u s months･ The s atellite - obs e Ⅳ edpe akofN D Ⅵ
w a s register edat the s a m etim e a sthepe ak ofthedelayedr espo n s e ofv egetatio nto rainfall.
T hey als o studiedthe c o ntributio n of differ e ntlife fo rm s ofpla ntsto the mix ed N D VI
slgnal･ Per e n nialpla ntsdidn ot sho w a ny slgnific a ntr olein fo r m l ngthe ND V I. An n uals
cha ngedtheir c ontributiontothe mix ed sign al ofN D VIwithape ak in thefirst m o nth of
the r alれyS e a s o n.
Bar e s oils urfa c e s
,
c o m m o ni the de s e rt
,
ha v e spe cific fe atur e s which c a ninnu e n c e o n
thefinalsign alofN D V I･ Fin e-gr ain eds oils早r e c o m m o nlydarke rtha n c o ars e-gr ain ed s oils･
Sa ndyde s ertis alw ayspi ctur edbylighte rto n e o nN D V I im agery. Solo n chak, a v oid of
v egetatio n,ha v e alw aysstable spectr alrefle cta nce(e x c ept thedays a洗e r r ainfal)andthey
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ar epictu r ed by u nifor mgr ayto ne･ Otherphys
ical fe atu r es which c a n･cha ngethefin al
N DVIsign al in cludetopogr aphy' slope s, bedr o ck c o mpo sitio n, dr a
in age patte rn etc” if
theyappe arin va st ar e a s･ Shape and fo r m ofn atu r alobjects, e specially byinte rpr etatio n of
lkm r e s olutionim agery, c a nbe u s ed aside ntific atio n criteriaby m applng Ofdiff
er entla nd
c o v e r.type s, e ･g･ riv er delta s, o?s e s? al u vial fa ns, vegetatio nin riv e r
v alleys etc･
Tr a c es ofbu m 孤 aCtivitie s c a n als o cha nge of 也e 血 al N D V Isignal･ Conc e ntr atio n of
liv esto ck n e arw aterlng pointsinthede s e rtisr e s ulted inde str uction ofthe v egetative
■c o v e r･
T he s e area s c a nbepictu r ed o n s mallr e s olutio nim agerybyspecific o v alfo rm
a ndlight
to n e･ plo w l ng uP S andy s oilsin s emi
-de s e rt z o ne fordry agric ultu re, le adingto wind
er o sio n
,
c a nbe als oide nt泊edbylo w r e s olutio nim age ry･
La nds c ape con ceptofpholointe rpr etation
●
Landscape c o n c ept ofphotointerpr etatio nis widely us edin Ru s sia bythe m a
tic m apping,
e spe cialybyqpplic atio n ofr e m ote s e n sl ng･ La nds c ape, a s a n object ofla nds c ape s u r v ey,
c a nbe s e e nas a spatialphen o m e n o n, as a n obje ct ofclas sific ation a nds u rv ey･ As R･ J･
c ho rley a ndB. A. Ke n n edy(1971)indic ated, e a rthobse rv atio ndata,in their r a wfo rm are
inte rn ally and e xte rn aly ln C On Siste nt･ T hey say :
n Ge ogr aphyis c o n c e rn ed with m ediu m
sc ale syste m s; 血o s elyings o m e whe r ebetw e e nthe s c ale s ofthe ato m a
nd 也e u niv e rs e
”
･
Thisge n er alc o nsider atio ndo e s n otc o ntr adict the la nds c apethe o ry
de v eloped by Ru s sia n
s cie ntists.
As kno wn, e a chla nds c apeha s s e v er alspe cificfe atu r es which ar ein ge n er al u nlqu e･ But
s o m e ofthe s efe atu res c anbe c o m m o nfor s e v er al lnds c apes･ So, physic o
- ge ogr aphic al
clas sific atio n of la nds c ape s c a nbetypologic al andregio n al･ Thethe o ry a nd m ethodology
of
l
la nds c ape s u r v ey w a sde veloped by Ru ssia n ge ogr aphe rs(I･ S･ Berg, 1952,
A. G.Is a che nko, 197 6, B. V. V in ogr ado v, 1966)I The c on c eptinlands c ape s cienc e, kno w n
a s
"la nds c ape e c ol gy
=
w a sde v eloped by B･ V ･ Vin ogr ado v(19 98) and u s eq as a
the o r etic al ba sis ofla nds c ape m applng･ Thete rm sde n oting spatialdim e n sio n ofla nds c ape
units andus edin Ru ssl a, r ethefollo w ing: z o n e,S ub- z o n e, pr o vin c e,la nds c ape, m e stn o st
'
,
u r ochishe a ndfa s cia. Englisha n alogu e s ofthela st thr e e units ar ethefollo wlng:
L 皿d syste m
La nd u nit
Site
u s u alyr egardeda s a n ele m e ntarytopologic al units･ This s m allest
ge ogr aphic al unit has ho m oge n o u s site s a nd habitat c o nditio n s as w ell
as single
bio c o e n o sis. Uro chisheis a n a ss o ciatio noffas cia u nitedby a c o m m o ndr ain age,tr a n sfe r of
solid m atter andthe m lgr atio n of che mic al ele m e nts･ Me stn o st
' is a n a ss o ciatio n of
ge n etic ally andge o che mic allyr elatedu r o chishe･ La nds c ape(in Ru ssia n
‥1a ndshaft”)is a n
a s s o ciatio n ofsimilar m estn o st
'
.
La nds c ape the o rァI S aba sic c o n ceptin photointerpr etatio n a ndt
he matic m ap pl ng･
Extr apolatio n ofc ertain regularitie sfr o mpla c eto pla c eplays a nimpo rta nt r ole in
la nds c ape s u r v ey a nd by c o mpilatio n ofthe m atic m aps, I n cluding the m aps of
de sertiTIC atio n･ Ce rtain physicalcha r a cte ristic s studied in key ar e a sin situ c a nbe
e xtr apolated by photo iTlte rPr etatio nto unvisited v a st ar e a s･ Ele m e nts kno wn 丑
･
o m key
plots a r ec alled
"
a n alogu e s
”
･ B ･ V ･ V
L
in ogr ado v(1 96 6)distinguished:
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- lo ng
- distanc e(zo n al)e xtrapolatio n alo ng ge ographic alz o n es o v e rdista n c e s of
tbo u s a nd kilo m eter sbytype sofla nds cape- a n alog也es,
- zo n ale xtr apolatio n o v e rhu ndred ofkilo m eter sbycla ss e s ofla nds c ape- a n alogu e s,
- lo c ale xtr apolatio n ov erte n s of kilo m ete rsbylo cala n alogu e s･
This c o n c ept w a s u s ed by c o mpilation ofde s e rtiflC atio n m ap of Asia(N . G. K harin et,al.,
1999)･ Lo ng dista n c e e xtr apolatio n ofN D V Iv alu es w as u sed fわr s e v e ralge ograpbic al
regio n s Of Asia which w e r e cQn Sider ed asla nds c apes- an alogu e s･ This appr o a ch w asfirst
ofall
,
de v elopedfor Ce ntr al Asia which hads uffic e nt the m atic m aps a ndgr o u ndtruth
info rm atio n.
Theinitial data u s ed fo r c o mpilatio n ofthis m apI ncluded diffe re nts o u r c es ofinfor m atio n.I
the m atic m aps, de s e rtiflC atio n m aps, a e riala nd spa c ephotos, data c ole cted inthefield, etc.
Thelist ofs a mple plotpr o vided withthisinfo rm atio nis giv en in Appe ndix ‡ ofthis
m o n ogr aph･ T he s edata c a nbe u s edfo rdes ertiflC atio n m o nito ringin futu re.
Clas siflC atio n of de s e rts of Ce ntr al Asia w asdeveloped by A･ P. Zhu m ashov(1990). His
cla ssifi c atio n w a sbas eo n as s e s s m e nt ofs e v e r al fctor s :1ithology, m o rphologyofde se rt
la nds, age of la nds c ape, type s ofvegetatio n etc･ In ge n e r al, heide ntified inthe de s e rts･of
Ce ntr al Asia sixlitho - edaphic type s ofde s erts a ndpublishedthe m ap which in cluded:
- S andyde s e rt, de v eloped o nthickalu viala ndm aritim e s a nds;
- Sa ndy pebbled desert, c o nfin edto a n cie nta c c uplulativ eorde n udatio nplain s which
w e r eform ed o n s a ndsto n es
, c onglo m er ate s a nd pebbles of the Ne oge n age a nd
m or e a n cie ntdepo sits;
- Gypsifer o u sde s ert;the s u rfa c edepo sits w erefor m edher ebylim e sto n e, s a ndsto n e,
c o nglo m e r ate a ndclay;
- Lo e s sde s e rt m ainlylo c ated in c e ntr al a nds o uthe rnparts of the r eg1 0 n, betw e e n
the m o u ntain s;lo e ssdepo sits w ere u s u allyc o nfi n edto r
.
iv erterr ac e s, fo othillplain s
andplate a u s;
-'
し
- Clayde s e rt,it u s u allyo c c upiesge ntle slope s of Ne oge n a ndQu ate rn arydepo sits;
- Solo n chak(saltbu sh)desert,itis m etin allparts of Ce ntr al Asia, inthepla c e s with
shallo wgr o u nd w ater.
The m ap of de s e rt type s w a s u s ed a s apart ofdatabas ebya s se s s m e nt ofdes e rtific atio n.
N D Ⅵv alu e s
,
fTorthe m o stc o m m o nde s e rt type s of Ce ntr al As ia aregiv e nin Table3.1.1.
T he s etype s of des ert w ere co n sider ed a sla nds c ape s - a n alogu e sbyinterpretatio n of
des ertific atio nby ND V I im agery, clasifiedbyn o n s upe rvis ed appr o a ch･
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Table 3.且.且
Clas s e s of ND V I
,
8 km r e s olutio n
,
2 l- 31May1992,fo rthe m ainde s ertifl C atio ntype s
ofCe ntr al Asia withinla nds c ape s
- a n alogu e s
Types of
De s e rt
Degr ada-
tio m
N D V Icla s s e s
0.00- 0.05- 0.10- 0.15- 0.20- 0.25- 0.30- 0.3 5-
clas s e s 0.04 0.09 0.14 0.19 0.24 申.29 0.34 ㊨.3 9
Sa ndy
des ert
V l
V2
V 3
･E2
E3
＋
＋
＋
＋
＋
Saltbu sh
des e rt
V l
V 2
V3
＋
＋ ＋
＋
Gypder o u s
des e rt
V l
V 2
V 3
＋
＋
＋
CILD,de s e rt E l
E 2
＋
＋ ＋
Sandy peb-
ble desert
E l
E 2 ＋
＋ ＋
D eltas and
riv er
valleys
Il
Ⅰ2
I3
＋
･＋
＋
＋
＋ ＋
Note :The symbols(Vl, V 2. . . etc .)ar e explain ed in Appe ndix‡･
3.2. Seas o n al spe cts ofs a ndydes e rt in Ce ntr al Asia
De s ertiflC ation
,
being a de str u ctiv epr o c e s s, ha s c a u s edthe cha nge ofplant c o m m u nities.
Pl皿tSpe cie s c o mpo sitio n,pr odu ctivity,de n sityand o也er chara cte ristics ofec o syste m s are
cha nged u nder the impact of de s e rtifl C atio n･ Logic ally, w e c a n s uppo s ethat s e a s o n al
de v elopm e nt ofv egetatio nis als o cha ngedinthes ede s ertifiedpla nt c o mm u nitie s･ So, w e
ha v e s山died the s e a s o n al cha nge s of v egetatio nin degr aded pla nt c o m m u nitie s. By
a n alysis Ofs e as o nalv alu e s of ND V I in Centr al Asia w e us edthe pr evio u sinfo rm atio n
colle cted by co mpilatio n of des e rtific atio n m aps a nd other public atio n s. Thr e e
e xperim e ntalarpa s w er e s ele cted in s a ndy de s e rt ofCe ntr al Asia with differ e ntdegr e e of
de s ertifl C atio n.
Ce ntral Karaku mdes e rt
The e xperim e ntal ar ea wasloc atedinthe Ce ntr?1 Kar aknm (the c o ordin ate s :38
o 25' N -
58o 27t E)I In the vicinity ofKarrykulvil
.
lage･ It w as s e v er elyd gr aded de s ertla nd with
m e a?precipitatio n r ate150m mperye ar･ Clim a x c o m m u nitie s ofwhiteSa x a ul(Haloxylo n
persIC u m)w ere dsstr oyedhe re u ndertheimpa ct ofhu m a n a ctivitie s, a nd n o w s e c o nda ry
c o m m u nitie s of Calligonu m cetos u m a nd C. ruben s do minated he r e. Fro m de s ert tre es
a ndshrubsthefollo w lngspecie s w e re c o m m o n :Sals ola richtefy, Am m ode ndron c o n olyi,
Ephedra strobila cea･ Ephe m eroid Car e xphysodes w asthe m o st c o m m on pla nt spe cie s
which stabiliz ed s a nd s urfa c e a nd ga v ev alu able for age fo rlive sto ck. Stabiliz ed s a nd
76
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dun e sw er ec ombin ed with m ovings a nds, s alin a(solo n chak)a ndtakyr(clays urface)with
spar s ev egetation･ In ge n er al, pla nt c o v e rhad lo wde n sity, the ar e abeingthe s ubjectfo r
s evere o v e rgr a zing(FigⅦr e3･2･1)･ N D VIpr ofl e ofthis plotisgiv e nin Figu r e3.2.5.
P･ Z･ Radzimin sky(1975)co ndu cted her ephen ologic al obse rvatio n s a nd studiedspe ctral
rene ctan c e of de s ertpla nts･ T he re s ults ofthe s e obs e rv atio n sin cludedthe s e a s o n alcycle
ofv egetatio nde v elopm e ntduringthe gr o wing s e as o n of 1974(Figu r e3二2.2). Using his
public atio n a ndthe s edata w ehav eide ntifiedthefollo w lng Se a s o n alaspe cts:
1･ Earlyspring aspe ct(April1 - April 15),
2･ Fullspringaspect(April 16- M ay25)･ Allpla nts c o ntin u etheirgr owth, a nds e v er al
he rba c e o u spla nts ar eingen er ativ e stage s･
3. Su m m e r a spe ct(May16 - October5)is char a cteriz edby 也e stage ofdo m a n cy of
ephe m er alpla nts(Car exph- de s a nd s o m e other s)orby ge
.
n e r ativ e stages of
Astr agalus spe cie s and s o m e otherherbs･ Se v e r al othe r specle S(shr ubs, s e mト
shrubs anddw arfs emi-shrubs c o ntin u etheirgr o wth).
4･ The autu m n al spe ctisfo r m edbythe 鮎itingstage ofthefollo w ing Plantspe cies:
- Shrubs :Sals ola arbus cula, S･ richte ri(10 October - 5 No v e mber), Aellenia
subaphylla(October5 - Octobe r3 0),
- Dw arf s e mi-shrubs :Artemisia kem rudic a(October5 - Octobe r25), Sals ola
ge ma s ce ns(October10- Octobe r30), S･ o rientalis (October5 - October25),
- Herba c e o u splants of sum m e r- a utu m n al gr o wth: Agriop砂Ilum latlfoliu m
(August3,0 - October%), A. min u s(Augu st3 0- Octobe r5), Salsolq scle raf2tha
(October10- No v e mbe r10).
Pbe n ologic alspe c加 m , gl V e n abo v e, cha r a cteriz esthe s e as o n al de v elopm e nt or de s e rt
pla nts within o n eye argr o wings e as o n･ N ･ T･ Ne cha e v a etal.(1973)studiedphe n ologyof
v egetation in the s a m e ar e adu ring 10ye a rs(1960- 1970). They published a limited
infbm atio n o npbe n ologyofde s e rt v egetatio n, gl Vl ng O nly也e ･e a rlie st a ndthelatestdates't
ofs e a s o n al de v elopm ent ofpla ntspe cie s･ Theyindic atedthegre如 v ariatio n ofr ainfall in
the reglO n, r anglng fro m53m m/yearto175m m/ye a r･ In c o n n e ction withthat, the an n u al
flu ctu atio n sin tim i ng S e as o n al e v e nts ar egr e at･ That c o nfi rm sTable 3.2.1 , in which
phe n ologicalphas e s oftheindic atorpla nts ar egl V e n･
Ac c ordingto thein v e stigatio n s ofspe ctr alr efle cta n c e c o ndu ctedby P･ Z･ Radzimin sky
(1975) spe ctr alr efle cta n c e co efficie nts(S R C)of indic ato rpla nts a regiv e nin Figu r e
3.2.3.
Pla nt spe cie sinthe flr St C Olu m nbelo ngto ps a m m ophyte shrubs,in the c e ntr alc olu m nto
ps a m m ophyte se mi-shrubs, a nd in the right c olu m nto halophyte s･ Allpla nts ha v e
c o mpa r ativ elylow SRC, e spe cialyin s u m m e r a nd winter s e a s o n s･ The a uthor ofthis study
ca m eto c o n clu sio nthatlast te ndaysperiod of Mayisthe m o sts uitable s e as o n ofre m ote
s en sl nginthe reglO n Of600- 700n m. In the e nd of May, the c o ntr a stbetw e e ndiffe re nt
pla nt spe ciesisthe str o nge stbe c a us e oftheir diffe r e n c ein phe n ologic al statu s. He als o
identifiedtw o otherc o ntr a stspe ctr alreg10 n S:4 00- 480mkm a nd76 0- 840mkm .
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Figu r e3.2.1. Aerialphoto(sc ale 1 : 5,000) c o v e ring s e v er ely degr aded s a ndy de s e rt･
Fr o mtheper s o n al r chiv e s of N･ G ･ K barin･
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14
15
16
Growth
～;
( (
団 曲
◆
丁ゝ⊥∴ ･ ∴ ･
FJow e n ng Fruiting Se ed faJ( Do rpancy
Figu r e3･2･2･ P he n ologic alspectru m ofpla nt spe cie sin the Ce ntr al Kar aku m de s ertin
1974(P･ Z･ Radzimin sky, 1975) The n a m e s ofplantspe cie s :1 - Haloqlon
pe rsic um, 2
- Sals ola paletzkia na, 3 - Calligo nu m sp･, 4 - Aelen nia
s ubaphylla var. 妙ic al, 5 - SaLs ola arbu s c ula, 6 - S. orientalis, 7 - S.
ge ma scens, 8 - Astragalus m a xim o vitczii, 9 - A. un ljblibtus, 10 - A.
aga metic us, ll - A m m otha m n us lehm a nii, 12 - Carex pachistilis‥ 13 -
Artemisia kem r udica, 14- Carex phys odes, 15 - Aristida karelinii, 16-
Fer ula microloba.
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Figu r e3･2･31 Spe ctr al r efle cta n c e of de s e rt pla nts m e a s ured the field by P. Z.
Radzimin sky(1975).
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Tab且e 3.2.且
An n u al皿u ctu atio nintim i ngS e a s o n ale v entsin Ce ntr al Kar aku m
(N ･ T･ Ne cba e v a etal, 1973)
●
Begin m l mg Of
gr o w軸
●
F且ow e rl ng 恥tRitimg Endlofgr o w蝕
pi‾a mt
specie s
瓦益r‡iest Laせcst Earliest Latest 濫ムrliest Latc畠t Ea rlie st Latest
Shr ubs
Sals ola 10.03 5.04 20. 5- 20.07- 3 0.05- 5.10- 10.ll 25.12
richteTy 10.06 15.09 20.06 30.03
Calligo n u m 3 0.02 5.04 5.04- 30.04 10
,
04- 30.05- 22.07- 25.07-
cetoS u m 20.04 20. 5 30.04 10.06 22.08 15.10
Se mi - shy ubs
Astragalus 15.ll 5.03 5.04- 5.05- 10.041 15.05- 20.06 25.08
lo nglbetiolat
uS
5.05 5.06 10,05 20.06
Smirn o via
tu rkesta nica
3 0.Ol 3 0.03 10.04-
3 0.04
5.05-
20.06
15.04-
5
.
05
25.05
16.06
30.10 13.12
Dw arfs ehu
'
-shr〟bs
Arte misia 15.09 30.02 3 0.09- 20.10- 5.10- 15.1 ト 2 0
.ll 20.12.'kem rudica 20.10 5.ll 25.10 25.ll
Sals ola 25.02 5.04 25.05- 20.07- ･ 30. 5- 10.10- 3 0.ll 10.12
ge m aSC enS 25.06 3 0.08 30.06 30.10
Pe r et mialgra sse s
Carex 20.10- 10..02 15,02
- 15.03- 25,02- 10.04- 5.05 5.06
physodes 3 0.03 20.04 20.04. 10.05
Alhagi 10.02 10.04 2 0.04- 25.06- 30.04- 20.08- 20.10 3 0.ll
PerSa ru m 3 0.05 5.07 10.06 30.9
St8m m e Y a n n 〟alplanね
Sals ola 15.03 5.04 1 0.05- 3 0.05_■■ 15.05- 25.06-■ 3 0.06 10.08
s ogdia n a 3 0.05 2 0.■06 5.06 5.08
T
･
t
､
し
Key plotin Chilm a m edku mdese TI
Tw o o血e rkey plotsin s 皿dy de s ert orCe ntr al Asia w er etake n. Tbe 丘r stkey plot w a s
lo c atedin C hilm a m edku mdes e rt, Tu rkm e nista n, wher ede s ertific atio npr o c e ss w a s shghtly
de veloped. Itin cluded c om m unityof des ertshrubs(Haloxylonpe rsic u m a nd H. aphyllu m)
with ephe m e r alherba c e o u spla nts a nd c o mpar ativ elystable s a nd s u rfa c e. Phe n ologic al
spe ctru m ofthisplotisgl V e nin Figtl r e3.2.4, a ndthe s e a s o n al ND VIpr ofleisglV e nin
Figu r e3.2.5. T hefollo w l ngS e a s o n alaspe cts w er eide ntifled inthis ar e a :
1. Early sprl ng aspect, m ainlyfo rm ed byephe m er oid Carex phys odes;thatpla nt
spe cie s cr e ate sthedo min ant c o v e r ageduring sprlng a spe ct. Othe r e arlysprlng
he rbs in cl心ded : Anis anthe te ctoru m , Er em opirum bou n apa rtis, Erodiu m
oxyr rhyn chum, Koelpinia lin e aris a nd s o m e othe r a n n u als. During a utu m n-
winterperiods 198l
- 1982a nd 1982- 1983
,
ephe m er al v egetatio n c r e at d
gr e e n a spe cts;du ring 也e s e s s e as o n s witer aspe ct w a s n ot r eglSte r ed. In the
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2.
de s erts ofCe ntr al As ia this phe n o m e n o nis obs e rv ed du ringthe ye arswith
plenti鮎1pr e cipitatio n s;
Fullspring aspe ct, fo r m edby domin a nts a nd subdo min a nt shrubs(Haloxylon
persic um, H･ aphyllu m, Calligo n u mc eto su m, C･ r ube ns, C..
arbo rescen s), s e mi-
shr ubs a nd herba c e o u spla nts;
3｡ Begin n l ng Ofs u m m e r a spe ct, whe nthe mainpart of herba c e o u spla ntbega nto
withe r;
4･ Sum m er a spe ct, whe n m a nyhe rba c e o u splan s arein stage or do - a n cy;shr ubs
a nds e mi-shmbs c ontin u edtheirgr o wth;
5･ Autum n al aspe ct fo rm ed by 如iting stage ofHalo xylon spe cie s, Sals ola
richteri a ndsom eother shr ubs a nds e mi-shr ubs;
6･ Winter aspe ct, du ring this pe riod the m ain part of spe cie sis in stage of
dor m a n cy, e x c epta n e v ergr e e npla nt Ephedr astrobilac e a.
Key ploiinlheAm uda2ya S a ndy belt
T he s e c o nd key plot w a slo c ated inthe Am udaryabarkha n strip' o ntheperiphery ofo a sis,
in 3 0 km n orthw e st ofCha rdzho u
,
Tu rkm e nista n･ It w as v ery s e v er ely degraded s a ndy
de s ert with barkha n s a nd inter-du n edepr es sio n s･ Vegetatio n c o†er w asher efu lly
de str oyed u nde rtheimpa ct of m a n･ Onlys e v e r alpla nts ofAristida kareliniiw er e m et o n
s a nd du n es･ Ta m a rix sp･ a nd Ca m el
'
s tho rn(Alhag
.
ipers aru m) gr o w･in lo w pla c e s,
te mpor arilyfilled withthe Am udarya w aterduringspn ng a nd s u m m erno ods･ Du ringthe
ye ar s with aburlda nt w ate ring, Ca m el
'
s tho rnfor ms a s u m m er aspe ct distinguishedby
phe n ologic alpr ofile(Figu r e3･2･5)I Du ringthedry ye ars, w9enbar e s u rfa c edo min ate s,
pbe n ologic alpr o丘1elo okslike apr o別e ofbar e s oil.
In c o n clu sio n w e c a n s aythats e a s o n alpr ofile s of ND VIc an be u s ed asa nindic ato rs of
＼
la nd degr adatio n. Tw o criteria c o nfir mthat: absolute v alu eg
=
ofN D V Ia nd its seas o n al
dyna mic sdu ringthe gr o w l ng S e aS O n･ The abs olute v alu e s of ND V′Ia r ede cre as ed by
de s e r雌c atio nbe c a u s e ofthedestr u ctio n orthe v egetativ e c o v er･ Thefb- ofpbe n ologic al
pr ofl eis als o changedbyse v er ed s e rtiflC atio n;theprofileis cha nged be c a u s e ofpres e n c e
oftho r npla nts (like Ca m el
'
s tbo r
■
n) orit lo oks like apr ofile of ba r e s oil.
3･3･ Se a s o n ala spe cts ofs emi-s a vann a of Bad k hyz
T his e xperim e ntalar e a w aslo c ated inthe Bad 姐yz res e Ⅳ e of Tu rkm e nistan ･ The Bad 払yz
hilly c o u ntry, withpr e cipitatio n r ate of250m m pe ryear, belo ngedto the belt of
s ubtr opic alsteppe o r s e mi-s a van n a wher ePista chio tr e e(Pista cia v e ra)w a sthedo min a nt
pla nt sp
.
e cie s(Figu r e3･3･1)･ Ac c o rding to the in v e stigatio n?c o ndu cted by P･ Z･Radzim l n Sky(1 975), v egetatio n ofthe ar e ahadthe fouo w l ng spe cific fe atu r e s.
In April herba c e o u spla nts bega ntheir gr o wth, while Pista chio tr e e s.w e r ele ane ss,
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Figu re 3･2･5･ Se as o n al pr ofiles of ND Ⅵof s a ndy des ert by differ e nt degr e e of
de s e rtiFICatio n･ I- slightlydegr aded de s ert v egetationin C hilm a m edku m
de s ert
,
2- se v er elydegraded de s ert v egetatio n, Ce ntr al Kar akum , 3- very
s e v er elydegr adeds a ndy de s e rt with bar cha n s a nd inter-du n edepr e s sio ns
(Am udarya s a ndybelt).
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buthad凸o w ers･ Le afing out stage of Pistachiobega nin May･ Duringsum m er, the m ain
part of herba c e o u spla nts dried up a nd w er einthe stage ofdorm a n cy･ In a utu mn, s o m e
pla nts w e reip stage ofgr o wth for m lngthe a utu m n al aspect･ Le a v e s of Pistachio tre e s
changedtheir c olo r a nd fall du ringthisperiod･ Phe n ologic alobse rv atioTIS W er e c o ndu cted
duringthegr ow lng S e a s o ni 1973･ Phe n ologl C alspe ctm m of herba c e o Ⅵspla ntsisgl V e nin
Figu r e3･3･2･ The gr aphsindic atethe begin n i ng a ndthe e nd ofe a chphe n ologicalpha s esI
Thepla nts ofthe a utu m n algr o wth w er e n otin cluded intothis spe ctrum , but obs e rv atio n s
wer e m ade als oin s u m m e r a nd in a utu m n･ Thefblo w lng he rba c e o us pla ntsfbm ed a n
a utu m n alaspect(gr o wth andrepr odu ctiv e stages):Ferulabadrake m a, Artemisia sc oparia,
Cou sinia s chistopter a･ Be sidesthat, Pista chio tr e e shadthe autu m n al c olor atio ndu ring
this s e as o n ofthe ye ar･ A c o rdingto the obs e rv atio n s of 1973, the follo w lng S e as o n al
aspe cts w er eide nti鮎d:
1･ Earlyspringa spe ct(April5 - April 20),fo r m ed m ainlybyephem er alpla nts which
for mthe de n s e c o v e r(Ca re xpachystilis, Delphiniu m s emiba rbatu m, Trigon ella
lazljlora, Av en abarbata),
2･ Fullspringaspect(April 21 - April 3 0),fo r m ed m ainlybyephe m e r alpla nts which
co ntin u etheir gr ow血, s o m e ofthe m e nter into the no w e ring stage (Car ex
pa chystilis, Ho rdeu msponta neu m, Trigonellalqmjlora),
31 Aspe ctofthebegin ning ofsu m m er(May1 - M ay15),for m ed by per e n nialspe cie s
which ha v emo w e rs a nd f山it岳(Co u sinia c ongesta, C. s chis opte ra, Astragalus
ba rr owian us, Ferula badrake m a)I Ephe m er alpla ntsbegindryingup.
4･ Su m m e r a s?e ct(May16
- 1 No v e mber);du ringthisperiodofye ar s o甲ePe remial
pla nts a re ln Stage Of &uiting, andthe r e st herbac e o u spla nts ar e ln Stage Of
do m a n cy･
､
5. Autu m n alaspe ctNo v e mbe r2 - No v e mbe r25),fo r m ed bys u m m占r a nd a utu m n al
gr o wth pla nts which als o ar ein r ege n er ativ e stage(Fer ula badrakem a, Cousinia
congesta, C. s chis optera, Arte misiabadkhysi).
61 Winte r a spect(laterthan25 No v e mber)･ Du ringthisperiodthe m ainpartof de s ert
plants ar el n Stage Of do r m a n cy.
Jt
い
＼_1
Ifw e c o mparethes e aspe cts witho n e side ntifiedby ND V I(Figu r e3.3.3), w e c an s e ethat
N D V Icha nge sduringthegr o w l ng S e as o n r ee CtS the r e alsitu atio n obs e r v ed inthe field.
Ourgr o u ndobs e Ⅳ atio n s w e re c onductedin 1973, so thedi飴r en ce sintim lng Ofse a s o n al
a spe cts during single ye ars ar ethe re s ults of v ariability of w e ather c o ndito n s a nd
e spe ciallythatofpr e cipitatio n s･
Spe ctralr ene cta n c e ofpla nts a nd s oils, n ot c o v erd with v egetation, w as studiedin the
fieldby applic atio n offl eldspe ctrophoto meter(Figu r e3･3･4)･ S R Cwer e mea s ured inthe
r eg1 0 n Of400- 840n m. T he re s ults ofthe s e m e a s u r e m e ntsfor s o m eindic ato rpla nts ar e
gl V e nin Figu r e3.3.5. Du ringthe s u m m er a spect the v alu es of S R Cw e rethelo w e st
be c a u s e ofthedryingupthegre e nparts ofspe cie s. So,the fullspringa spect(1- 25 April)
w a sthe m o st s uitable period for applic ation ofalltypes ofre m ote s e n s o rs･ The spe ctr al
regl On Of500- 650n m w a sthe m o stinfo rm ativ efor a e rialphotogr aphyofs e mi-s a v a n n a
in theBadl血yz.
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Figtlr e3･3･1･ Large s c ale a erialphoto c o v erlng Sta nds of Pista cia v er aintheBadkhyz
r e s e rv e. Fr o mthepe rs o nalar chiv e s ofN . G. E 血arin･
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Figtlr e3･3･5･ Spe ctr alr e且e cta n c e ofpla ntsin the Badkhyz r e s e rv e m e a su r eddu ringthe
gr o wing s e a s on of 1973(P･ Z･ Radzimin sky, N ･ G･ K血arin, 1974)･ T he
uppe r r o win cludes spe ctr alr ene cta nc e c o efflCie nts(S R C)ofthethickets of
he rba c e o u spla nts (site slxl m in siz e); in 也elo w e r r o w, S R Cofsingle
pla nts a regl V e n･
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3.4｡ N D V Iasindic ato r of且a nd degr adatio ninthede s e rts of Asia
Gobi de s e rt
Gobi de s ert, orEastern Gobiwhich o c c uple Sthe so uthe mpart ofthe Mo ngolia nPeople
'
s
Republic (M P R)and apart ofthe Chin e s ete rrito ry(In n e rMo ngolia),belo ngsto o n etype
of landsc ape - a n alogu eby a ss e s s m e nt ofde s ertiflC atio n. Initsthm , Gobic a nbedivided
into tw olands c ape s ub- clas s e s:gr a v el de s e rt and sandy de se rt.･The clim ate is s e v er e
c o ntin e ntal
, pr e clpitatio n r ate v a rie s within 5 0 - 100m m/ye ar･ Lo calpopulatio nha s
adaptedto s ev e re clim atic c o nditio n s(Figu r e3141). Ce aspidos egr a ss e sdo min atein
pla nt c o v er(Stlba
-
gobica, Cleistoge nes dzhu nga rica, C･ squ arr osa, Acha ntthe r u m
sple ndis)･ Fr o mChe n opodia c e afa mily,the m o stc o m m o nplantspe cle Sar ethefollowing:
An abasis br e v ljblia,' Sals ola passe r
.
i?na, Na n ophyton erin a c e um ･ Fr o m Composita efa mily, sev e r alpla ntspe cies of ArtemlS laar e m et(A･frigida, A･ xerophytica)are c o m m o
.
n
o n shallo w s a nd du n e s･ On sand du n e s als o s u ch spe cie siTo r m co m m u nitie s, like Nitr a rta
sibir ca, Agriophyllu m punge ns and Calligo n u m mongolic um ･ Gr ound s u rfa ce c o v e red
with Heter opappu shispidusis sho w nin Figu r e3･4･2･
An n ual nu ctu atio n sintiming S e a s o n al e v e ntsin Gobi de se rt a regr e at･ Fo r e x a mple, the
year 1999w as v e ry dry, a nd 20% ofthe Mongolia nterritory s uffe red &o m shortage of
w ate r･ T he winterofthepr e vio u sye ar w as v erys e v e re, su chlo wfr o st w e r e n ot obs erved
du ringthe last 3 0ye ar s･ As a r e s ult, s o m e2 millio nbe ad of liv e sto ck pe rished; and
500,000pe ople diedfr o mhu nger･ T he go v e rn m e nt of Japa npr o mis edto pr o vide m o r e
than i 1billion a s aidto helpr epairthe da m age c au s ed bys e v er e s n o wfalland dr o ught
(Ano nymo u s, 2000).
In the beginning of 2001s e v e re s n o w-sto rm s r aged in In n erMo ngolia(C hina)and in
JOl n lng are as OfM P R･ A c o n sider ablepart oftheteritory was c o v e red withs n o w, a nd29
pers ons perished. The goverr m e nt of M P Rasked U N fo r$11 millio nfina n cial aid
(Ano nymo u s, 2001)･ Gr o u nd truth data on this regio n w e retake n丘o mpublisheds o u r c e s
which in cluded de s e rtiflC atio n m ap published byN . G. 馳 arin et al.(1992, s e eAppe ndix
I)a nd othe rpublic atio n s(N .G. Kharin, 1997).
Very Inte r esting pr opo s al forgr o u ndtruth colle ction w asde v eloped byH･Ya mam oto etal.
(1998)･ T heyinstalled a s et of sen s or s op a spe cial cal
l
-k･top a rm a nd c ar ried o utgr o u nd
s u Ⅳ eyin Ma ndal Gobi, M o ngolia･ The s e l n Stm m e ntSin cludedspe ctr o m et r,the r m o m eter,
SO NY c a m era with digtalr ec orde r a nd s o me other equlpm e nt･ T hey m eas u r ed spe ctr al
refle ctanc e within 520- 92 0n m a nd c o n v olv ed bro ad ba ndr enecta nc ein red(580- 680
n m)and in n e a rinfrared(725- 920n m)ba nds･ They c or甲aredthe s edata withvegetatio n
cha r acteristic softhe Gobi de sert
,
e spe cially with itsdenslty･ T hey s aid, thedata obtained
bythis syste m hadpote ntial fわr c o mparis on with s atellite data, s uch as N O A〟A V H R R.
N D V Icla s se sfわr the main land degr adation types are gl V e nin Table 3.4･1. Ann u al
fluctu atio n s of N D V I in this regio n a renot SO gre atProbablybe c a u se of lo w v egetatio n
de n sity.
Tardes ert
Des ertTarislocated inthe borderlands of lndia and Pakista n, o c c up ylngthe ar e a of 300
tho u s a nd km2;from this are a abo ut200tho u s and km2 arelo c atedin state Rajasthan.
Acc o rdingto clas sific ation of des ertspr opo sed by M . P. Petr ov(1973), the de s ertTaris
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Figu r e3,4.1. Mongolian yurta sin Gobi des e rt. Photo fro m theper s o n al rchiv es ofN ･ G.
K harin_
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Figu r e3.4.2. Thicket of Hele r opal)Pu shispidu s in Gobi de s ert. Photo &o m thepe rs o n al
archiv es of N. G . K ha rin
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m ainly s a ndydes ert ofs ubtr opi c al beltin the n o rth; and its s o uthe rnpa rtbelongstothe
beltoftr opic al de s e rts.
Table 3.4.1
N D V Icla ss e s,8 km resolutio n, 21- 31 May1992 fわr s o m ede se rtla ndsin Gobi de s ert,
withinla ndsc ape s- a n alogue s
Type s of
de s e rt
Types of
la nd de-
gr adatio n
N D VIcla ss e s
0.0 -
0.04
0.05- 0.09 0.10-0.14 0.1 5-0.19 0.20-
0.25
Gr av el desert E2
W 2
V 2
＋ ＋
＋
＋
＋
＋
Sa ndydesert E2
E3
V 2
V3
＋
＋
＋
＋
＋
＋ ＋
W ehav eidentifledthethr ee pn n cipalla nds c ape s - a n alogu e sintheIndia npartofthe Tar
de s ert, according to de s c riptio ngiv e nby Su 汀e nda Sing九 et all (1992)･ They are 血 e
follo w ing:
1･ Sa ndy de s e rt with e olia n s a nds wbicb fb- 血 n e s a nd bu m m o cks･ The m ain
do min a ntplantspe cie s ar e:Ave n apersica, A･ pse udom e nto s a, Grotula ria burhia,
Dlbteric u m gla u c u m, IndigojTe r a a
.
rge
.
nic a, Pa nicu m turgidu m, Calligon u m
polygon oides, Caloiropispro c e r a, Acaciaja Cgue m O ntii, Halo xylo n salic o rnicu m (I･
Pr akishetal., 1992),
2･ Ancie nt allu vialplainlo c ated in the s o uth- e a stpart ofthe Tardes ert･ Ra ngela nds
a nd dry agric ultu r e ar e c o m m o nla ndu s etype s ofthisla nds c ape,
3. Valley oftheIndu s riv er with allu vialgr ay s oils which ar e subjectsto s alinization･
ND V Iv alu e sfo rthe Tarde sert aregl V e nin Table 3･4･2 ･ The a n n u al sta ndard
de viatio nisgr e ate rin s a ndyde sert(Se eAp pe ndixII)･
IntheP'akistanpart oftheTarde s e rt, the clim ateis m o r edrier; a ndbarkha n sa nds o c c upy
v a st a re a s. Accordingto A . C. M illingto n et al. (1994), 血yla nd e c o syte m s of Pakistan
are characte riz ed bys c ar city ofpr e cipitation a ndgr e atinter - a nn ual va riabilityofclim ate･
Se v erale x a mple ofla nd cov er s山dyllSl ngN D V Iar egl V e nin thispublic atio n･ The a uthors
saythat n ot o nly rainfall but als o othe rfa ctors c ontribute to the dyn amic n atur e ofthe
v egetativ e c ove r, like la nd degr adatio nproce s es, w o odla nd cle ar a n c e, expansio n of
irrigatio n syste m s, re cla m ation ofw ate rloggeda nds oiトaffe cted lands･
A llnatu ralec o syste m s, a ccordingtothis study, are n ot stablefro mthe ecologl Calpoint of
vie w : aridla nds ar e stable on 50.7 % oftotalar e a, s e mi- a ridand sub-hu mid- on 53.2 %,
a nd irrigated la nds - o n3 6･6% ･ A ll land c o v e rty pe sha ve high inter- a nn u al flu ctu atio n sin
their ar e a e xt nt.
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甘a払且e 3.4.2
N D V Iclas s e s
,
8 km re s olutio n, 21- 3 1 May1992 fわrs o m ede s ertl皿dsinTardes e rt,
withinla ndscapes - a n alogu es
Lands c ape s Degr ada-
tion c且a s-
N D VⅠ c且as s es
0 - 0.04 0. 5- 0.且0 - 0.且5 - 0.20-
S e S 0.09 0.且4 0.19 0.24
Sandydes ert V 2
El
E2
＋
＋
＋
＋
＋
＋
Alluvialplain
Rangeland
DTy agriculture
W 2 ＋ ＋
＋ ＋
yalley ofthelndus
river:
Lndian part Ⅰ2 ＋ ＋
＋
＋
Pakista npart Il ＋ ＋
＋
OLhe yde s e rls ofAsia
N D V Iclas s e sfo r s e v er alothe rphysic alregio n s Of Asiale s spr o vided withgr o u ndtruth in-
for m ation ar eglV enin Table 3.4.3. The Tablede m o n str ate s v ariatio nin N D V Iv alu e sfor
differ e nt type s of la nd degr adation ･ As kno wn, u n s upe rvis edc]as sificatior1 0f N D VIw as
u s ed by pr ep?r atio n ofde s ertiflC atio n m ap of Asia(N ･ G･ 馳 arin et al･ , 1999)I Ea ch
la ndsc ape regl O nha sits o wn c o mbin atio n s of N D VIclas s e s;butin ge n er al,the m ainpart
ofthe s e c o mbin atio n sis c o nfir m edtothr e elo w estN DVIclasses :0.05- 0.09
,
0.10- 1.14
a nd l･15- 1.19(but仇ebigbe stN D VIv alu e s w er e r egist r ed inSyria nde s ert). Inge n er al,
that c o nfirm sthe c o n c ept of lo w pr odu ctivity ofde s ertla nds, e spe ciallythat which a re
s ubjectofde s e rtific atio n.
La nds of irrigated agrl C ultureha v ehighe stN D V Ito be c ompar ed wi血otbe rla nd c o v e r
type s･ That c a nbe e xplain ed byhigh de n sity ofagric ultur alc r ops c ultiv ated in oa s es.
N D V Iv alu e s of irrigated fa rmla ndstotals :in Centr ai,チ＼Asia 0.22- 0.2 8,in the Hindu s
v alley 0.17- 0.18, in Me s opota mia 0.19 - 0.20, in the v左1ley ofthe yello w riv er0.12-
0･20･ By pr epar atio n of de s e rtific atio n m ap, theirrigated la nds w e reidentifled in N D V I
im ageryby cle arbo u ndarie s ofo a s es a ndriv e r v alleys.
The r est v alu e s ofNDV Iby de s e rtific atio n cla ss e s ar egl V e nin Appe ndix I, a nd in
gr aphic al fbm s e v er ale x a mple s aregl V e nin Ap pe ndixII. The s ekey ar e a s w er e u s ed by
c o mpilatio n of de s ertific atio n m aps withinla nds c apes - a n alogu e s; a nd in e a ch c a s ethe
fin alm ap w a s che cked byinitials o u rc e s ofinfo rm atio n(large s c aledes e rtiflC atio n m aps,
血e m atic m aps, gr ou ndtmtb data, etc.).
Zniw - a n n u aljiu ctu atio n s ofN D VT
Inter- a n n u al nu ctu atio n s of N D V Iofdiffer e ntla nd c o v er cla ss e sdepe nd upo n s e v er al
factor s :an nualprecipitation s,differe n c e sin e xploitatio n ofde s ertla nds duringdiffer ent
ye ars, for e x a mple, differeIC e S Of a nim alpr e ss u re o ngr a zl ngla nds, a nd 鉦o m differ e nt
cycle s ofs e as o n alde v elopm e nt of de s e rt v egetatio ndu ringslngleye ars. Itis verydiffic ult
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Tab且e3.4.3
NDⅥ clas s e s, 8km r e s olutio n, 2 1⊥ 3 1 May1992ofs o m ela ndsin s e v er al des erts ofAsia
La nds c ape
I
r egio n s
Dcgr ada-
tio n
N DVIcla s sLes
‾0 - め.o5_ 0.1 0 0.15 0.20 0.25 0.30 0.3 5 0.4 0 0.45-
cla ss e s 0.04 0. 9
0.1 4 0.19 0.24 0.29 ･ 0.34 0.3 9 0.44
0.49
Iranian
plate au
V2
V3
W 2
＋ ＋
＋
＋
Syrian des ert V 2
V 3
E 2
t
E 3
W 2
Ex4
＋
＋
■
＋
＋
＋
＋
＋ ＋ ＋
＋
＋
＋
＋ ＋ ＋
Me sopota mia V 2
E 2
E3
W 2
Il
I3
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
＋
Nehd des ert V 2
E2
E3 ＋ .
＋
十
＋
＋
＋
Ex4 ＋ ＋
恥 di
Hadr a ma wt
(Yem en)
V 2
V 3
E3
Wl
W 2
＋
＋
＋
＋
＋
＋
＋ .
＋
＋
＋
＋
＋
＋
to a n alyz ethe s efa ctors witho utspe cial in v estigatio n s which ar ebeyo nd ofo u rta sk. The
o nly In v e stigatio n which c o n c e m ed this pr oble m w a s c o ndu cted in Ce ntr al As ia. It
confirm edthe c o rr elatio nbetw e e npre cipitatio n sin spring m o nths a nd N D V I(N . G.
Kharin etal.
,
1998).
We da n s e e丘o m Ap pe ndixIIthatinte r- a n n u a1月.u ctu atio n s ar e char a cteristicfe atu r e sfor
N DVI ofalldesertifl C atio ntype s･ T he sevariatio n s a re e specially gr e atin s a ndyde s ert of
Ce ntr al A gia･ T he m o st w etye arsher e(1985, 198 8,1993a nd 1998)?anbeide ntifiedby
thehighest ND V Iv alu e s a nd the highest v ariatio n sbetw e e nplots within the s a m eye ar.
Co mparativ elydry ye ars w er e1986a nd 1996. Sa ndy s oil had high w ater c ap city, a nd
v egetatio nis m orepr oductiv eduring&etye ar s.
Sandy pebble des ert ofCe ntr al As iaisle s s s e n sitiv eto pre cipitatio n s･ De s ertified la nds
ha v e lo w e stinter-a n n u alflu ctu ations of ND V Ibe c a u s ethe s oil ha slo w er w ater c apa city,
andpr odu ctivityofde s ertv egetatio nher eis verylo w.
NDVIvalue s of imigated la nds m ainlydepe nd upo ntheirrigatio npr a ctic e, and ND V I is
n otc o rr elated witha n n u alpre cipitatio n s.
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Itis als overyInte re stingto c o mpare the a n u alv ariatio n s of N DVIofs o m ela nd c o v er
type s n otu s edin natio n ale c o n o my, 1･ e･ thela nds whichar e n ots ubje ctofde s ertifl C atio n.
We hlay S uppo s ethatin this c a s e only physic al char a cteristics affe ct the N DVI v alu es.
Solon chak (s alin a)belo ngstothe s ela nd c o v er clas s e s･ W eha v etake n 8s olo n chakplots
in Ce ntr al Asia. Mea nN D V Ia nd sta nda rd deviatio n ofthe seplots ar egi v e nin Table
3.4｡4
Table3.4.4
Me a nN D V I,8 km r e s olutio n,2 1- 3 1 May1992a ndsta ndard de viatio n s
of Solo n cbak in Ce ntr al Asia
Ye a rs 朋二軍a n Sta mda rd de viatio n
1982 0.0780 0.0502
1983 0.0980 0.073 0
1984 0.0780 0.0692
1985 0.0940 0.0659
1986 0.0680 0.0502
1987 0.0960 0.0627
1988 0.1020 0.0464
1989 0.0900 0.0625
1990 0.0780 0.0573
1991 0.0990 ･ 0.0671
1992 0.0810 0.0574
1993 0.1050 0.0656
1995 0.0950 0.0356
199 6 0.0510 0.0345
1997 0.0860 0.07210
1998 0.1000 0.0254
1999 0.0780 0.0600
Thefirstimpr e s sio n ofthisTableisthatsta ndard de viatio nidr athergr e at･ Theye ars1985,
1988
,
1993a nd 1998w ere w etye ars whe n a n nu alpr ecipitatio n s e x c e ed dthe m e a n ar m u al
rate. Theye ar s1986a nd 1996w eredry ye a rs･ Sta ndard deviatio ntotaled 土 50% fo r w et
ye a rs a nd 士 70% fordry ye ars. Pr obablythe r e as o n sL,.･､Ofthes e v ariatio nin cluded ge o
-
che mic alpro c e s s es o c c u rr ed in solonchak. As kn own , s盲1o n ch k is char acteriz edbyits
gene sis a nd age. Ac c o rding to M ･ P. Petro v(1973), ther e are the follo wingtype s of
s olon chak in Ce ntr al Asia : s oda, s ulphate, chlo ride-s ulphate, sulphate-chlo ride a nd
chlo ride. Asthe sam e a utho rindic ate s,tw odiffere ntproc e s s estakepla c einthede s ert at
pr e s e nt tim e - de stru ctio n ofan cie nts alin e c ru sts a nd fo r m atio n ofn e w c ru sts･ Up-to-date
s olo n chak ar e c o nfiedto clo s eddepre s sio n s, and a n cie nt c ru st o c c upy plate a u s, r e m n a nts,
hills a nd lo w m o u ntain s.
Bythe a ss e s s m e nt of de s ertificatio n, alls olo n chak type sbelo ngsto o n ela nd c
l
o v ertype,
not u s edin n atio n al e c o n o my. Detailed clas sific atio n ofs olo n chak is n ot s ubject of o u r
study. All s olo n chak type s a s object of clas sific atio nby ND V I im age ry ha v e s o m e
c o m m o nfe atu r e s: they c a nbe ide ntified a s s m o oth objects with cle arbo u ndarie s,
espe ciallybyapplic ation of 1 km re s olutio nim age ry･
Inte r- a nnu alnu ctu atio n s of N D V Iin othe rde s erts of Asia ar egi v e nin Appe ndix耳Ⅰ. Inte r
- a n n u al flu ctu atio n s of N D V I in Ir a nian a nd in Syria nde s erts ar e n ot signific a nt. T he s e
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ilu ctu atiorlS ar e Within the a cur a cy ofthe N D V Ipr o c e s sl ng･ On the otherha nd, that
te stifl eStO the fa ct that the period21 - 31 May w asa stablephe n ologlC alpe rioddu ring
1982- 199･ The n u mbe r ofobs e rv atio npointsin otherdes e rts of Asiais n otgr e ata nd w e
c a n n otdr a w a c o n clusion abo utinter- a n n u al flu ctu atio n s o nND V I inthe s e r egl On S･
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Sea s o n al spe cts of v egetatio n are specific Phe n o m e n awhich.char acteriz e pla nt
c o m m u nities a ndprodu c e de ep I mpr e s sio n o nthepe oplebe c a use of 仇eir r e a che s in
c olo u r･ Du ringthe age ofthe te chnic alpr ogr e ss, the applic atio n of aircr aR a nd r em ote
s e n si ng ga v e a n e wimpetu sto studythe s e a s o n alcha nges o cc u rred inthe natu re‥
Visualobs erv atio n s丘･o m air c r a氏impr o v edthe m ethodologyofphe n ologic alas e s s m e ntof
v egetatio n･ Applic ation ofa erial a nd spa c ephoto s ofdi 飴r e nt type s(black-a nd- white,
c olo ur
,
c olo urin舶 r ed etc･)w asthe n e xt stepin r egistr atio n ofthephen ologic alstatus of
pla nt c o m m u nitie s･ The s e n e wpoints of obs e rv atio n sga v ea n e winfo r m atio n about
la nds capefeatu r e s
Applic atio n of N D V Idatagl V e S apo ssibilityfo r registratio n oftheintegralstatu s ofpla nt
c o m m u nitie s within o n epl X el, o c cu rr ed du ring a de血ite pe riod oftim e･ Phen ologlC al
pr ofile sdra w nfro mthe s edata show the dyn amic s ofs e a s o n ala spe cts within e a chpix el･
T he spe ctru m ofse as o n alaspe ctsis a n e wphe nologic alchar a cteristic ofv egetatio n.
T he po s sibility of studying the s e as o n al a spe cts by ND VIar edefi n ed by tw o
par a m ete rs :bythete chnic alspe ciflCatio n s ofr e m ote s e n s o r(first ofall, the size ofpix el;
fo r e x a mple, 8 km2)and bythetim einte rv al ofphe n ologic alpr ofile s(for e x a mple, 10
days)･ Ontheba sis ofo u r c a s e study, w e c a n s aythat thes epar a m ete rs ar e s uitable for
phenologic al in v e stigatio n s o n a r egl O n alle v el･ P he n ologl C al aspe cts ofv egetatio n, at the
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s eas o n s ofre m ote s e n slngi for e stry.
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Ill. Daiabu s e
NⅦ mbe r Cotl ntry Co o rdin ate s, Land Dese rti_ Des crti_ Des erti_ N D V ‡
degr e e, min Ⅶte
Co v e r rlC atio n rACatio n rlC ation aV ar age
N A b
rpe type class Ca u se of 5
pix els
1 Ce n 49-40 52-35 R V 1 C 2 0.304
2 Cen 48-50 53- 6 R E 2 e2 0.264
3 Ce n 50- 48 52-46 R E 2 C2 0.352
4 Ce n 50-30 58-00 D E 1 C3 0.3 12
5 Ce n 50-30 56-00 D i 1 C3 0.3 6
p6 Ce n 51-15 53⊥27 D. ･E 1 ･C3 o.jo4
7 Ge n 50-55 5 1i24 D E 1 C3 0.4
8 Ce n 5 0-31 5 9-16 D E 1 C3 0.248
9 Ce n 5 0-ll 5 9-40 R E 2 ･C3 0.192
10 Ce n 49-04 5 7-20 R E 3 C 2 0.3 2
ll Ce n 48-29 5 9-20 R V 2 C 2 o.皇16
12 Ce n 53-3 6 6 ト5 2 D E 1 ､ C3 0.296
13 Ce n 53-27 64-32 D E 1 C3 0.096
14■ Ce n 5 9-04 64- 2 A Ⅰ 3 C 4 0.232
15 Ce n 53-3 8 64-5 0 A Ⅰ ′3 C4 0.2･
16 Ce n 52-■12 64-39 A I 3 C 4 0.176
17 Cen 5 0-3 7 61- 48 D ･ E= - 2 c3 0.216
18 Ce n 4 9-42 62⊥15 D E 2 C3 0.152
19 Ce n 50-.13 64-21 A I 2 C2 0.224
20 Ce n ･49-48 66-40 ･R V
'
t- 2 C2 ･0.272
21 Cen 49-09 66-35 R V . 2 C 2L 0.224･
22 Ce n 49-17 64-35 R V .∧ 2 . C2 0二224
23 Ce n 54-33 65- 1 D E 2 C3 0.224
25 Ce n 53-51 69-06 D E 1 C3 0.152
26 Ce n 50-20 68-55 Ex3 -0.36
27 Ce n 52_53 73-10 F V 2 C l 0.176
28 Ce n 53-48 72-5 0 Ex3 0.152
29 Ce n 52-46 74-25 F V 2 C l 0.232
3 0 Ce n 5 3-25 74-00 F Ⅴ･ 2 Cl 0.192.
I
3 1 Cep 53-33 71-5 0 F V 2 C l 0.176
32 Ce n 53-16 73-25 Ex3 0.224
33 Ce n 52-23 69-40 D E I C3 0.232
34 Ce n 5 ト49 67-03 D E 2 C3 0.152
35 ten 49-45 69-20 R V 1 C 2 0.32
36 Ce n 54-00 76- 05 A I 3 C 4 0.312
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37 Ce n 53-17 ･75-32 F V .
3 C l 0.208
38. Cen 54
-52 69-1 0 R V 2 C2 0.344
39 Ce n 50-52 72- 10 R Ⅴ 2 C 2 ■0.224
4 0 Ce n 52-00 77-25 R V 2 C 2 0.248
41 Ce n 49-48 721 1 R V 2 C 2 0.37 6
42 Ce n 52-23 75_15 A ･I 3 C4 0.232
43 Ce n 53-27 77-02 D E 2 C3 0.24
44 Ce n‾ 51-00 80-32 D E 1 C3 0.24
45 Ce n 5 ト46 78-55 R V 1 C2. 0.2 8
46 Ce n 5 0-16 80- 0 R V 2 C2 0.17 6
48 Ce n 49-35 73-45 R V 2 C2 0.3 6
49 Ce n 49-12 75- 1 R V 2 C 2 0.3 04
.50 Ce n 49
-20 77-56 R V 2 C2 0.152
51 ･Cen 48-48 8 0-2 9 R V 2 C 2 0.296
52 Ce n 49-50 81-00 R V 2 C 2 0.3 04
53 -Ce n 49-30 8 1145 R V 2 C 2 0.296
5 4 Ce n 47-00 53-1■0 Ex4 0.096
55 Ce n 45-50 53-50 Ex_4 0.04
5 6 Ce n 44-45 53152 R V 1 C 2 0.104
5 7 Ce n 43-45 52- 9 R V 1 C 2 0.112
5 8 Ce n 47-52■ 58-4 0 R V 2 C 2 0.288
5 9 Ce n 46-36 56-25 R V I C 2 0.128
60 Ce n 46-35 62-4 0 R E 2 C 2 0.136
61 Ce n 4 7- 00 66-02 R E 2 C2 0.208
62 Ce n 44-02 68-40 R E 2 C 2 0.064
63 Ce n 45-42 68120 R ■E 1 C 2 0.192
64 Ce n 45-25 73-15 Ex4 0.064
65 Ce n 45-15 74-55 R V 1 C 2 0.152
66 ･ Ce n 44-48 76-10 R V 1 C 2 0.112･
6 7 Ce n 46-10 75- 0 R Ⅴ 2 C 2 0.016
68 Cen 44-40 72- 5 R Ⅴ 2 C2 0.056
69 Ce n 46-05 77-49 Ex4 0.032
70. Ce n 40-32 53-07 Ex4 0.048
71 Ce n 40-3 1 54-32 Ex4 -0.0 08
72 Ce n 40-49 56-41 Ex4 0.008
73 Ce n 42-3 0 53-00 R Ⅴ 2. C 5 0. 4
74 Ce n 42-16 52-47 R Ⅴ. 2 C 5 0. 48
75 Ce n 42-50 54-03 R Ⅴ 1 C2 0. 5 6
･76 Ce n 42-54 5 6-0 0 R V 2 C2 0. 4 8
77 Ce n 42-41 5 6-2 0 R Ⅴ 2 C2 0.04
78.
■ Ce n 42-00 5 6-12 R V .1 C
2 0.001
79 Ce n 42-36 5 7-18 R V 2 C 2 0. 3 2
80 Ce n 40-15 5 2+4 8 R E 2 C5 0. 5 6
811 Ce n 40-35 53-13 R V
-
2 C5 0. 2 4
82 Ce n 41-05 5 7-50 R Ⅴ 1 C5 0.04 8
83 Ce n 40-00 55-00 R V 1 C2 0.02 4
84 Cen 40-00 5 7-00 R Ⅴ 1 C 2 0.024
85 Cen 3 8-00 53-54 Ex4 -0.04
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岳6 Ce n 3 7-27 54-30 A Ⅰ 2 C 4 0.104
87 Ce n 38-3 0 54-16 R E .2 C 2
-0.024
88 .Ce n 38-2 0 54-55 a E 2 C2 0. 64■
89 Ge n 38-00 54- 0 R V 1 ･ C2 -0.O16
90 Cen 39-34 55-00 R E 2 C5 o
.
ob8
91 Ce n 39-30 54-18 R E 2 Cl 0.001
92. Ce n 39-40 53- 5 R E 2 Cl -0.048
93 Ce n 39-44 55-48 R E 2 C l 0. 08
94 Cen 39-18 55-40 A Ⅰ 1■ C 4 0. 48
95 Ge n 39-00 56-29 A i 1 C4 0.08
96 Ge n 39-45 58-35 R E 2 C4 0.032
97 Ce n 38｢24 57130 A Ⅰ 1 C4 0.08
98 Cen 38-24 55-ll R W 2 C l 0.144
99 Ce n 3 9-30 54- 0 R W 2 C l. 0.001
loo Ce n 3 9-47 54-35 R W 2 Cl -0.16
101 Ce n 3 8-07 55-20 R W 2 C l 0.144
102 Co n 38-47 55-08 R W 2 Cl 0.024
103 Ce n 3 9-08 55-46 R W 2 C l- 0.001
104 -Ce n 3 8-3 7 5 7-00 R W ･ 2 C l 0.08
105 Ce n 3 813 8 57
■
_35 R V 2 C2 0 ･
106 Cen 39-15 ･58-40 R V 1 Cl .
10.008
107 Ce n 38-22 58-35 R V 2 C 2 0. 24
108 Ce n 4 0-42 57-06 R V 1 C2 0.024
109 Cen 3 9-55 59-25 R V 2 ･C 5 0. 8
11 0 Ce n 37146 58-48 A Ⅰ 1. C4 0.232
Il Ce n 38-10 58-03. A ･Ⅰ 1
､ C4 0.208･
112 Ce n 4 1-03 57-54 R E 2 C 5 0.056
113 Ce n 42-07 59-00 A Ⅰ 2 C4 0.08
114 Ce n 42-.35 58
-37 A Ⅰ 2 C 4 0.056
115 Ce n 42-ll 59_24 A I ･ 2 C4 0.088･
116 Ce n 4 11 45 60- 0 A I
イ
2 C 4 0.1 4
117 Ce n 4 l- 00 59100 R V 1 C 2. 0.096
118 Ce n 4 ト12 60-18 R. E 2 C l 0.08
119 Ce n 41-02 60-18 R .E
ご‾ 2 C l 0. 88
120 Ce n .4.0
-41 60-52 R E 2 C l 0. 88
12 1 Ce n 40-43 61-5 0 R E 2 Cl 0.096
122 Ce n 40-17 61-22 R E 3 C l 0.072.
123 Ce n 39-57 62-18 R E 2 C l 0.056
124 Ce n 38-15 ･60-5 0 R V 2 C 2 0.072
125 Ce n 38-22 59-27 R V 2 C2 0.024
126- Cen 37-48 60-10 R L 2 C 7 0.128
127 Ce n 38-12 69-09 R L 2 C 7 0.136
128 Ce n 38-07 61-20 R L 2 C7 o.o48
12 9 Ce n 38124 61-3 0 R L 2 C 7 0.128
130 Ce n 38- 04 62-3 0 R L 2 C 7 0.056
13 1 Ce n 38- 04 62-00 R L 2 C 7 0.072
132 Ce n 37-24 601 0 R Ⅴ 2 C 2 0.088
133 Ce n 37-12 59-55 R E 2 Cl 0.12
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.13 6 Ce n 3 7
-16 60- 4 A Ⅰ . 3 C 4 0.12
13 7 Ce n 3 7-00 6l-18 A I 1 C 4 0.136
138 Ce n 36-40 60-40 R W 2 Cl 0.056
139 Ce n 44-47 56-05 R V 3 C5 0.072
140 Ce n 45-00 55- 8 R V 3 C 5 0. 56
141 Ce n 44-15 57- 00 R Ⅴ 3 C 5 0. 32
142 Cen 43-48 57-42 R V 3 C 5 0. 16
143 Ce n 44-54 58-02 R V 3 C 5 0.168
144 Ce n 44-32 58-00 R V 3 C 5 0. 48
･149 Cen 43-17 59-20 R S･ 3 C 7 0. 72
15 0 C･e n 46-47 6 ト58 R S 3･ C 7 0. 96
151 Ce n 46-1 8 5 9-20 R V 2 C2 0.152
152 Ce n 4 7- ll 60-50 R V 2 C2 0.224
153 Cen 47- 15 60-53 R V 2 C 2 0.232
154 Ce n 42-25 62-3 0 R V 2 C2 0.056
155 ■C en 47-44 ･63-42 R V 1 C2 0.104
156 Ce n 44-25 6 ト47 R V 2 C 2 0. 8
157 Ce n 43-40 64-00 R V 2 C2 0.08
158 Ce n 43-41 65-25 R V 2 C2 0.072
159 Ce n 45114 65-25 R V 2 C 2 0. 8
160 Ce n 42-37 63-55 R E 3 C 2 0.104
16l Ce n 42-00 65-40 R E 3 ･C2 0.08
162 Ce n 42-57 60.20 R V 3 C l 0.168
163 Ce n 42-40 ･6()_55 R V 3 Cl 0.072
164 Ce n 48- 18 6l-20 R V 3 C l 0.128
165 Ce n 43-2 8 58-55 R V 2 C l･ 0.088
166 Cen 43-04 59-13 F V 1 Cl 0.･192
167 Ce n ■40-46 61-00 R V 2 C l 0. 88
16 8 Ce n 4l-00 6 ト38 R
■- V _ 1 C l 0.072
169■ Ce n 40-25 61130 R V .1 C 2 0.096
17 0 Cen 3 9-24 63-17 F V- 2 Cl o.o96
17 1 Ce n 3 9-04 63-06 R E 3 Cl 0.016
172 Ce n 3 8-48 63-12 R E 3 C l 0. 32
173 Ce n 38-58 62-07 R -E 3 C2 0.056
179 Cen 37-47 60-50 R V 2 Cl JO.048
180 Ce n 37-42 61- 2 R V 2 C l 0. 72
181 Ce n 37-12 61-2 7 R V 2 Cl 0.072
182 Ce n 36_27 61- 3 F V 2 C l 0.096
183 Ce n 35-46 61-32 F V 1 C 2 0.216
184 Ce n 36-33 61-27 R- V 2 Cl 0.08
･185 Ce n 37-12 62-10 R V 2 C l -0.12 ･･
186 Cen 36-36 62- 2 R V 2 C l
､
0.16
187 Ce n 36- 08 62-16 R Ⅴ 2 Cl 0.24 ･
188. Ce n 36-00･ 62-00 R Ⅴ 2■ Cl. 0.264
189 Ce n 35-44 62116 R V 1 C l 0.208
190 Ce n 35-40 62142 R V 1 Cl 0.24
192 Ce n 38- 07 64-52 A I 1 C 4 ･0.16
193 Ce n 38-42 64-05･ A I 1 . C 4 0.152
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194 Ge n 3 8-17 63-42 R V 1 C 2 0.048■
.195 Ce n 3 8-10 64-22 R V 1 C l 0.l12
196 ･Ce n 37-5 0 65-04 R V 1 Cl, o.15ま
197 Ce n 3 7-18 62-3 1 R V 2
､
cl 0.088･
198 Ce n 3 7-09 63- 0 R V 1 C l 0.152
199 Cen 3 7-3 7 65-27 R V 2 C l 0.168
200 Ce n 36-36 63-50 R V 1 C 2 0.304
2 01 Ce n 3 7-45 66-08 A I 1 C4 0.152
202 Ce n 38-56 64-17 R E 2 C2 0. 8
203 Ce n 38+38 64-15 R E. 2 C2
■ 0.208
204 Ce n 38-29 64-58 R V 1‾･ C l 0. 96
205 Ce n 42,34 59-40 A Ⅰ 2 C 4 0.104
206 Ce n 42124 60-00 R V 2 C l 0.088
207 Ce n 4 ト40 6 ト18 R V 1 C･1 0.064■
208 Ce n 43-00 62-40 R V 2 C2 0.096
209 Ce n 4 ト40 6 ト55 R V 1 C 2 0. 72
210. Ce n 42-20 63-40 Ex2 0.128
211 Ce n 41-3 0 64-12 Ex2 0.128■
212 Ce n 40-50 63-5 0 Ex2 0.096
213 Ce n 41-17 64-50 Ex2 0.12 ･
214 Ce n 4 ト40 65-00 R V 2 C 2 0.088
215 Cen 4 1-55 62-50 R V 1 C 2 0.128
21 6 Ce n 42-55 62- 6 R V .2 C 2 0.104
21 7 Ce n 4 1-22 63-15 R E 2 C2 0.112
219 Ce n 40- 48 64147 R .V 2 C2 0.096
220 Cen 40- 48 65-10 R V 2
､
C 2 0.112
221 ･Ce n 40-36_ 65_40 D W 1 C3 0.208
222 Ce n 40-10 65-28 D W 1 己3 0.232
223 Ce n 39- 08 66-10 D W 1 C3 0.296
224 Ce n 39-37 66-20 D W ‾1･. C3 0.376
225. Ce n 38-35 66-18 D W 1 C3 0.32
■
8
226 Ce n 38-28 64-56 A V 1 C2 0. 96
227 Cen 39-26 ■65-20 R V
.セ.
■2 ■C l 0.112
228 Cen 3 8-48 65-3 8 A i
■
2 ■C 4 0.224
229･ Ce n 3 9146 64- 0 A Ⅰ ■2 C 4 0.■112
230 Ce n 3 8100 66-00 R W 1 C l 0,256.
23 2 Ce n 40-3 0 66-4 0 .R W I Cl･ 0.25 6
233 Ce n 3 7-23 65-35 Ex3 0.05■6
23 4 Ce n 3 7-20 651 4 R E 3 Cl 0.05 6
23 5 Ce n 3 7-06 65- 3 R V 3 Cl 0.088
236 Ce n 3 6-47 66- 00 R W 2 Cl 0.128
237 Ce n 43-00 66- 00 R V 2 Cl 0. 96
23 8 Ce n 43-10 67-55 A Ⅰ 1 C 4 0.15 2
240 Ce n 41-45 68-05 A Ⅰ 1 C4 0.25 6
241 Ce n 42-5 0 67-55 R V 1 Cl 0.112
242 Ce n 43-3 8 68- 40 R W I Cl 0.328
243 Ce n 42-35 69135 D W 1 C3 0.48
244 Ce n 41-35 69- 10 D E 2 C3 0.48
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245 Ce n 4 ト32p 69-5 4 R W 1 C l 0.448
246 ･Ce n 41-50 70-1-5 Ex2 0.44
247 Cen 41-45 70-23 A I 1 C4 0.216
248 Ce n 4 ト03 69-00 A Ⅰ 1 C 4 0.32
249 Ce n 4 0-47 68-40 A I 2 C 4 0.256
250 Ce n 41-2 0 66-40 R V 2 Cl 0.144
251 Ce n 40-2 7 70-43 A I 1 C 4 0.224
252 Ce n 40-18 7 ト4 0 A ･I 1 C 4 0.208
253 Ce n 40-26 71- 00 R E 3 C l 0.24
25 4 Ce n 40-10 68-4 5 A I 1 C 4 0.248
25 5 Cen 40-00 68-04 D E 1 C3 0.44
25 6 Ce n 39-55 68⊥30 R W 1 Cl 0.472
25 7 Ce n 40- 05 69-08
‾R W 2 C l 0.296
258 Ce n 38-45 65- 0 A Ⅰ 1 C4 0.272
259 Ce n 39-33 67-00 A I 2 C 4 0.312
2 60 -Ce n 3 9155 66-30 A I■ 2 C 4 0.248
261 Ce n 39- 26 ･64-08 R V 2 C l 0.048
2 62 Ce n 39- 46 64-30 A I･ 2 C 4 0.184
263 Ce n 39-30 61-4 0 R W 1 Cl 0.072
2 65 Ce n 40-28 68-20 A Ⅰ 1 C 4 0.2 08
266 Ce n 40-15 65-3 0 R W 2 Cl 0.216
26ウ Ce n 37- 43 66-40 R W■■ 1 Cl 0.192
268 Gen 37- 40 67-00 A Ⅰ ･1 C 4 0.2 08
269 Ce n 37-47p 67-30 A Ⅰ 2 C 4 0.192
270･ Ce n 3 7-30 67-30 R V 2 C l 0.1 04
2 71 Mo n 5 0-38 92-33 F Ⅴ 1 Cl 0.192
2 72 ･ Mo n 5 0-27 94-00 F V 1 Cl 0.104
2 73･ Mo m 50-12 93-25 R V 2 Cl 0.112
2 74 Mo n 49-48 92-44 ･R W 2 C l･ 0.272
276 Mo n 49-0() 92- 7 _R I.V, 1 C2 0.032
277: Mo n 49-00 93-15 R V■ 2 C2 .0.008
278 Mom 48-33 93-15 R V 2 C2 0. 32
279 Mo m 48-22 95-30 R E 2 Cl 0.12
280 Mo n 4
■
8-O5 91-47 R W . 2 Cl 0. 88
281 Mo n 48-00 92-40 R V 2 C 2 0. 64
282 Mo m 47-43 92-25 R■ W 2 Cl 0.12
283 Mo n 47-44 93-10 R W p2 Cl 0.008
284 Mo n 47-24 94-00 R V 2 C2 0. 24
285 Mod 47-36 94-35 R E･ 2 C 2 0. 48
286 Mo n 47-25 95-3 5 R E 2 C 2 0. 32
2 87 Mo m 48-08 95-00 R V 2 C 2 0.072
2 88 Mo n 47-50‾ 95-50 R V 1 C 2 0.144
289 Mon 47-2 0 92- 5 R W 2 Cl 0+168
‾290 Mo n 47103 92-57 R W 2 C l 0.104
291 Mo m 47-2 0 93-20 R W 2 C l 0.024
292 Mo m 47-05 94-10 R V 1 C l. 0.O16
293 Mo m 46-25 94-25 R W 1 C l 0.08
2 94 Mom 46-3 0 94-52. R V 1 C l 0.03 2
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295 Mo m 46-18 96-35 R W 2 Cl 0.128.
297 Mo m 46- 05 97-2 0 R 噺 2 C l 0. 24
299 Mo m 45-10 92-28 R W 2 C l -0.008
300 Mo m 43-10 96-0 0 R 面 2 C l -0.008
.301 Mo m 43
-48 97-35 R W 2 Cl -0.016
302 Mom 43-18 96-26 R W 2 C l 0. 08
303 Mo m ■46-32 99-00 R Ⅴ 2 C l 0.12
304 Mo m 45-03 97-29 R W 2 ■ C l 0. 72
305 Mo m 46-12 101-52 R E 1 C l 0.12
3Q6 ･ Mo n 46-25 1()2_30 R Ⅴ 2 C2 0.192
3 07 MQn 45-35 10 ト30 R V 2 C 2 0. 88
3 08 Mo m 42-20 .103-00 R E 2 C l 0. 24
3 09 Mo n 42-50 10 ト10 R W ■ 2 C l _o.6i16
3
-
10 Mo m 43-20 102-15 R E 2- C l 0.016.
3 11 Mo m 43-3 2 103-00 R E ･2 C l o.d96
3 12 Mo m 43-15 103-02 R V l･ C l 0.23 2
3 13 Mo m 42-00 104- 4 R W 2 C l -0.008
3 14 Mo n 43-5 0 104-40 R E 2 C 2 0.016
3 15 Mo m 43-2 0 104-50 R E 2 C2 -0.008
316 Mo m 45-3 0 104†45 R Ⅴ 2 C2 0. 24
317 Mo n 44-50 106-15 R V 1･ C2 0.024
318 Mo m 43-50 105-3 0 R E 2 C2 0.008
319 Mo m 43-15 105-55 R E 2 C2 0
320 Mo m 42-10 105-40 R E 2 C2 0.032
321 Mo n 42-40 107-00 R E 2 C2- o.old
322 Mo n 43-00 106-20 R Ⅴ 2 ､ C2 0. 08
323 Mo m 43-12 110-25 R V 2 C 2 0.032
324 Mon 42-35 108-15 R E 2 c
n
2 0.024
325 Mo m 43-2O 108-40 R Ⅴ 2 C2 0. 5 6
327 ■ Mo n 44-48 109-5 0 R ･V 2 C2 0.008
328 Mo m 45-40 109-12 R Ⅴ ･'1 C2 o
r
.o16
329 Mo n 45-52 109-53 R V 2 C2･ 0.008
33 0 Mo m 44100 109⊥30 R Ⅴ 2. C 2 0. 16
33 1 Mo n 43-25 108-27 R .E
＼‾丁‾ 2 C 2_ 0.032
33 2 Mo n 43-3 0 Ilo-27 R. E 2 C2 o.o56
333 Mo n 44-10 110_40 R E 2 C2 0.056･
33 4 Mon 42-54 108-20 R V ■2 C2 0.024
335 Mo n 44-4 0 108143 R V 2 C 2 0
33 6 Mo n 45-40 112-00 R V 2 C 2 0.064
33 7 Mo n 45-10 Ill-40 R V 1 C 2 0.072
338 ‾Chi 43-45 95-20 R V 2 C 2 -0
.0 08
339 Chi 43-15 95-15 R V 2 C2 -0.024
34 0 Chi 43-05 95- 4 R Ⅴ■ 2 C2 _o.o ld
34 1 Chi 40-00 100-00 R E 3 C 2 0.016
342 Chi 40-40 101-10 R E 3 C 2 0.024
343 Chi 40-00 102-00 R E 3 C 2 0.024
344 Chi 4l-23 101-00 R V 1 C 2 0
345 Chi 4ト50 101-00 R V 1 C 2 0
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3 46 Chi 42-15 99-5 0 R V 1･ C 2 -0.016
347 Chi 42-40 95- 10 R V 1 C2･ -0.008
34 8. Chi 40-05 94-45 A Ⅰ 1 C4■ 0.096
349 Chi 40-20 96-00 A i 1 C4 0.08
350 Chi 40-00 92-15 R E 3 C l - 0.024
3 51 Chi 4 ト10 93-00 Ex2 0
352 Chi 41-18 92-18 Ex2 - 0.008
353 Chi 4 ト47100-55 F V 2 Cl -0.008
3 54 Chi 4ト10 loo-18 F V 2 C l 0.04
355 Chi 39-15 104-15 R E 3 Cl 0.04
356 Chi 38150 104-55 R E 3 C l o.o4
357 Chi 40-37 105-00 R E 3 Cl 0.032
358■ Chi 41-2 8 105-20 R V 1 C 2 0.032･
35 9 C hi 39-40 105-30 R E 1 C 2 0.04
･360 . Chi 40- 00 106-18 R V 1 C 2 0.024
3 61 -C hi 3 9-20 106-10 R V _1 C2 0.032
3 62 C hi 3 9-50 100- R V 1 C 2 0.024
3 63- C hi 40-30 90-45 Ex3 -0.032
3 64. C hi 39-55 90-10 Ex3 -0.032
3 65 C hi 44-00 94-00 R V 1･ C2 0
3 66 Chi 42-25 93145 R E 1 C 2･ 0.008
3 67 Chi 42-5.0 93-50 A Ⅰ 1 C 4 0.016
3 68 Chi 38-54 107-10 R E 3 C 2 0. 32
3 69 Chi 3 9-44 107-40 R V 2 C 2. 0.04
3 70 C hi 3 6-48 107-20 R V I C2 0.064
3 71 C hi 4ト30 103-10 R V 1 C 2 0.008
3 72 C hi 41-30 99-25 R V_. 1 C 2 -0.008
373 Chi 43-20 110-00 R ･ V･ 2 C2 0.032
3 74- C hi 43-18 11 ト20 R V 2 C 2 0.04
375 Chi 44-28 110-40 R ･V 2 C 2 0.056
3 76 Chi 44-52 112-20 R V 1 C 2 0.104
3 71 Chi 43-17 112-07 R E 2 Cl 0.056
3 78 C hi 42-50 115-25 F E ･2 C l 0.136
3 79 C hi 42-51 1 14-40 F ･E 2 Cl‾ o.
‾
12
380. Chi 43-05 120- 00 F E 2 Cl 0.112
3 81･ Chi 43-08 1 18_30 F E 2 C l 0.184
382 Chi. 44-15 12 0-00 F E ･ 2 Cl o.i
383 Chi 44-20 117- 45 R V 1 C2 0.232
384■ Chi 41-04 108- 05 A I 2 C 4 0.144
385 ■Chi 4l-00 108-50 A -Ⅰ 2 C 4 0.12
38 6 Chi 40-42 108-56 A Ⅰ- 2 C4 0.128
3 87 Chi 40-25 110-00 A I 2 C4, 0.136
388■ Chi 40-25 109-05 R .E 2 C 2 0.072･
3 89. Chi 40-34 108-20 R E 2 C 2 0.032
3 90 C hi･ 46-00 118-50 R V ‾1 C2 0.008
391-I Chi 45-25 119-10 R V_ 1 C 2 0.232
3 92 Chi 40-00 1 10-00 R -V 2 C2 0.056
3 93 Chi 39-34 1 10-00- R E 21 C 2 0.072
114
Appe ndixI
394 Chi 39-35 11 01 0 R E 2 C 2 0. 72.
395 ･Chi 38-26 109-10 R 畠 3 C2 0･972
0.056396 ･C hi 3 7-45 1 09-50 R ∇･ 2 C2
397 Chi 37-40 10 9-00 R E 3 C` 2 0.104
398 Chi 36-50 109-20 R V 2 C2 ･0.104.
399 Chi 38-00 108-40 R E 1 C 2 0. 8
400 Chi 39-00 108-50 R E 3 C 2 o.64
401 Chi 40-50 8ト00 Ex3 -0.016
402 Chi 41-05 79-20 A I 1 c4 ･0.04
403 Chi 40･-42 80-17 A Ⅰ 2 C 4 0.184
404 Chi 40-40 79-55 A I 2 C 4 0.064
405 C hi 43-3 0 80-00 R V 1 C 2 -0.096
0.45 6406 Chi 43- 0 77-55 R V 1 C 2
407 Chi ･43-25 75_25 R V 1 C 2 0.192
408 C hi 3 8-20 77-20 A i 2 C 4 0.2
4 09 Chi 3 8-3 0 76-25 R E 3 C 2 0.016
41 0 Chi 38-50 77-00 R E 3 C2 0.024
411 C hi 39-27 76-10 A I 1 C4 0.272
412 Chi 40-08 75-25 R V 2 C 2■ 0.056
413 Chi 41-30 80- 0 R V 2 己2 0.008
414 Chi 41-10 ･82-00 F Ⅴ 2 Cl -0.032
415 C hi 40-55 82-00 F V 2 Cl 0.008 ･
416 Chi .41-40 85-00 i V 2 Cl -0.04
417 C hi 41-55 85-00 R E 3 C2 -0.016
418 Chi 42-40 85-00 R V 2 C l 0. 24
419 Chi 43-00 86-50 R V 2
､
C l 0.112
420 Chi 43-10 8 ト40 R V .2 Cl 0.3 12･
421 C hi 45-00 86- 03 R E 1 c
1
2 0.12
422 C hi 44-40 87-10 R E I C 2 0
423 Chi 45-3 0 86-40 R E I C 2 -0.024･
424 C hi 44-00 88-00 A Ⅰ 2 C 4 -o.
■
184.
425 C hi 44-35 85-15 A Ⅰ 2 C 4 0. 48
426 Chi 43-55 81-35 A Ⅰ 2 C 4 0.352
42 7 Chi･ 43-45 8 ト50 A Ⅰ 2 C4. 0.344･
428 Chi 40-52 87-55 Ex3 -0.032
42 9 Chi 40-32 .89
110. Ex3 -0.032
43 0 Chi 41-20 89-00 R V 2 C 2 -0.032‾
43 1 Chi 45-10 89-05 R Ⅴ l C 2 -0.01.6
432 Chi 46-00 88-00 R V i C 2 0.024
433 Ind 27-44 70-20 R E 2 C 2 -0.048
434 Ind 27142 71-21 R E 1 C 2 -0.03 2
435 Ind 26-46 69-48 R E 3 C 2 -0.048:
436 Ind 26-40 701 5 R E､ 3 C2. -0.05 6
437 Ind 29-50 73- 7 A E 1 C 3 0.008
438 Ind 29-38 73- 2 A E 1 C3 0.008
439 Ind 29-40 73-55 A E 1 C3 0
440 Ind 29106 73-45 A I 3 C 4 -0.008
441 Ind 29-18 74-4 0 A I 3 C 4 0
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442 Ind 29-42 73-55 R V 2 C2 0
443_ Ind 29
-00 75-0 0 A E 2 C3 0
444 Ind 29-00 74-4 0 R E 2 C2 +0.008
445 Ind 28-3 0 74-15 Rl E 2 C 2 0. 24
446 lnd 28-26 74-3 0 R E 3 C 2 0. 08
447 Ind 28-15 74- 0 D E I C3 0. 16
448 Ind 28-00 75-00 D E 3 C3 0. 3 2
449 Ind 28-00 75- 0 A W 3 C3 0.03 2
450 Ind 27-3 0 75-23 A W 2 C3 0. 4
451 Ind 2 7_3
‾
0 74- 8 D E 1 C3 0.04
452 Ind 28-5 0 72-56 R E 2 C2 -0.016
453 Ind 28- 45 72- 6 A W 2 C3 -0.016
454 Ind 28100 72-04 R E 2 C 2 -0.03 2
455 Ind 2-8-00 73- 1 D E 3 C 3 0
45 6 Ind 27-05 75-00 R Ⅴ 1 C2 0.032
45 7 llnd 26150 70-47 R Ⅴ 2 C 2 -0.03 2
45 8 Ind 26-03 70-55 R Ⅴ 2 C2 -0.04
459 Ind 26-25 70- 10 D E 2 C3 -0.056
460 Ind 26-20 72150 R Ⅴ 2 C 2 0
461･ Ind 26-50 73-40 R W I C2 0.016
462 Ind 26-28 73_42 A W I C3 0.008
463 Ind 26-52 74-3 0 A W 1 C3 0. 4
464 Ind 21_oo 75-01 A W I C3 0. 08
465 Ind 26-13 74-00 A W 1 C3 0. 24
466 Ind 28-5 8 73-52 A W 2 C3 0. 24
467 Ind 25- 2 73-45, A W 2 C3 0.024
468 Ind. 25
-49 74-04 F V 2 Cl 0.024
469 Ind 25-00 73-08 F V 2 Cl 0.08
470 Ind 24-3 0 72-55 F V 2 C l 0. 48
471 Ind -26-00 72- 00 D E
■
2 C3 10.032
4 72 Ind 25-20 72- 00 D E 2 C3 0. 08
473 Ind 25-00 71-3 0 D E 2 C3 -0.008
474 Pak 27-3 0 69-4 0 R E 2 C 2 -0.048
47･5 Pak 26-3 8 69-10 R E 2 C2 _o.056
476 Pak 25-3 0 69_i5 R V 2 C l 0.04
477 Pak 26-35 69-30 R Ⅴ 2 C l -0.056
478' Pak 3 ト48 71-2 0 R E 2 C 2 0.024
479 Yak 31-00 71- 8 R E 2 C 2 0.064
480 Pak 30-40 71_1 8 R E 2 C 2 0.008
481 Pak 31140 71-55 R E 3 C 2 -0.03 2
482 Pak 31-24 71- 40 R V 2 C2 -0.032
483 Pak 30-27 7 1- 25 R V 2 C 2 -0.16
484 Pak 3 ト08 72-20 A Ⅰ 2 C 4 0.072
485 Pak 31148 72- 40 A Ⅰ 1 C 4 0.13 6
486 Pak 3 0-24 73-25 A I 2 C 4 0. 8
48 7 Pak 31-10 65- 08 R E 2 C 2 0.072
488 Pak 29-55 65-12 R E 2 C2 0.03 2
489 Pak 28- 10 64- 15 R E 2 C 2 0.008
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490 Pak 28-21 65-00 R E 2 C 2 -0.008
491 Yak 31-20 64-13 R V 3 C 2 -0 048
492 Pak 30-40 63-27 R v
‾
3 C2 0.01 6
493 Pak 24-50 67-32 A Ⅰ 1 C4 0. 16･.
494 Pak 24-3 2 67-18 A I 2 C 4 0. 24
495 Pak 24-3 2 67-48 A I 2 C 4 0 112
496 Pak 28-40 70- 16 A ■I l C4 0 072
497 Pak 2 7-ll 67-58 A Ⅰ I 1c
1
4 Ol12
498 Pak 29-20 66-00 R W 1 C l o. ld
499 Pak 26-42. 63-04 R W 1 C2 0.008
500 Pak 27-23 64-25 R W 1 C2 0
501 Pak 25-40 64-00 R Ⅴ
‾豆 C 2 -0.04
502 Pak 25-42 66-00 R Ⅴ
1
2 C 2 -0.048
5 03 Sa u 33-24 44-08 A Ⅰ 3 C 4 0.208
5 04 Sau 3 2-5 0 44-52 A Ⅰ 3 C 4 0.176
0.1765 05 Sa u 3 1-5 4 46-3 7 A I 3 C 4
5 06 Sa u 3 1-10 47-00 R E 3 C2 0.608
507 Sa u 3l- 15 45-44 R E 3･ C2 0.88
0.■04508 Sa u 28-20 48-18 R E･ 3 C2
509 Sa u 27-31 49-00 R E 3 C2 0.04
1
510 Sa u 26-40 49-45 R E ■2 C 2 0.064
514 Sa u 32-10 3 8-29 R E 3 C 2 0.104
515 Sa u 3 2-08 3 9-26 R E
■
2 C 2 0. 8
5 16 Sa u 3 1-3 0 39- 12 R E 2 C2 0.08
5 17 Sa u 3 2-40 42- 15 R Ⅴ 2 C 2 0.064
5 18 Sa u 3 2-00 43-20 R Ⅴ 2 ､. C 2 0. 64
519 Sa u 34-00 40- 0 R■_ E 3 C 2 6.o72
52 0 Sa u 33-55 4 ト30 R V 2 C2 0.048
521 Sa u 34100 40-00 R E 3 C2 0.088
522 Sa u 28-00 40- 0 R E 3■ C2 0.104
523 Sa u 28-00 42-00 R E
:
3 C2 0.128
524 Sa u 28-00 44-00 R E 2 C 2 0.096
525 Sau 27-40 44-00 R E
.t
2 C2 r O.088･
526 Sa u 3 0-00 41-00 R V ･2 C2 0.064
527 Sa u 3 0-00 43- 5 R E 3 C2 0.05 6
528 Sa u 25-50 4 ト16 R V 2 C2 0.04
53 2 Sa u 35-05 36-00 D W 2 C 3 0.416
533 Sa u 3 2-00 36-00 D W 2 C 3 0.168
53 4 Sa u 3 6- 00 37-20 D W 2 C3 0.144
535 Sau 34- 00 37-00 D W 2 C3 0. 72
53 7 Sa u 2 0-30 39-50 R ･E 3 C 2 0.008
53 8 Sa u 2 0-40 4 ト40 R W 2 C2 0
.064
53 9 Sa u 32-15 42-20 R EJ 3 C2 0.08
54 0 Sau 20-00 41-30 R W 2 C l 0.192
541 Sa u 18-00 421 5 F V 2 C l 0.02 4
542 Sa u 15-50 44-00 F V 2 C l 0.128
543 Sa u 14-40 4 -18 F V 2 Cl 0.13 6
544 Sa u 15105 42-5 2 R E 3 C2 -0.016
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545 Sa u 13･4 0 4 6-5 0 R E 3 C2 -0.008
546 Sa u 15-40 52- 00 R E 3 C 2 0. 24
550 Sa u 14-40 44- 0 R W 1 C2 ■0.104
551 Sa u 13-35 43-5 0 F l V 3 Cl 0.24
552 Sa u 15-35 43_l() F V 3 C l 0. 32
55 6 Ir a 35-59 5 6-50 F V 2 C2 0.008
55 7 Ir a 3 4-4 0 51-3 0 R E 3 C 2 -0.024
558 Ir a 34-40 51-2 0 R E 3 C2 -0.032
云59. Ir a 34+20 51-00 R E 3 C2 0.016
560‾･ Ir a 34-00 5 1-30 A Ⅰ l C 4 0.024
i61 ira 34-10 51-45 R V 2 C 2 0.008
562. Ir乙 34-3 0 5 1-25 R V 2 C 2 -0.032
563 I
-
r a 34-30 52-30 R V 2 C2 0.016.
564 Ira 34-40 52-4 0 R .V 2 C2 0. 24
5 65 Ir a 33･30 53- 00 R V 2 C2 -0.016
5 66 `Ce n 37-15 54- 20 R V､ 2 C2 0.016
5 67 Ce n 37-22 541 6 A Ⅰ▲ 2 C 4 0.12
568 Ce n 37-27 54-5_0 A i 2 C 4 0. 56
5 69二 Ce n 37-43 5-5 8 R V 2 C2 0.368
5 70 Ce n 37-50 55⊥14 R W 2 ･ C2 0.08
571 Ce n 37-55 55-25 R W■ 2 C 2 0.056
572 Ce n 3 7-05 5 4- 0 A Ⅰ･ 1 C4 0.176
573 Ce n 3 7+08 54154 A Ⅰ I C 4 0.2
574 Ce n 37-04 55-03 F ～ 1 Cl 0.552
-575 Ce n 36-56 54- 2
■
F V 1 Cl 0.4 4
57 6 Ce n 36_40 65-5 0 A I 1 C4･ 0.144
5 77 Ce n 36-45 ■65-15 A I 1. C4 0.072
578 Ce n 3 6-4 0 68-40 R ･ V . 2 C 2 0.208
579､ Ce n 3 7-10 70-00 R V 2 C 2 0.184･･
580 Ir a 3 4-18 61-55 A Ⅰ 2.･ C 4 0.336
5 81 Ir a 3 4-00 6 ト1.0 R V
■･3 C2･ 0.112
5 82 Ir a 32-25 6 ト20 R V 3 C2 0.176
5 83 Ir a 30-08 6l-25 R V 3 C 2 0.04
5 84 Ir a 29-10 6l-50 R E ･2 C 2 0. 4
5 85 Ir a 3 1-22 61-25 R V 3 C2 -0.03 2
5 86 ira 3 1-00 61-45 R V ･3 C l 0.16
5 87.. Ir a 26
-00 61｢4 0 F V ･3 C l･ 0.016
5 89∴ Sa u 33-00 37-20 Ex4 0.04
590 Sa u 35-03 3 6-10 D W 2 ･ C3 0.456･
591 Sa u 35- 02 3 6-05 D W .2 C 3 0.424
592 Sa u 33- 00 36-00 R V- 2 C2 0.36
593 Sa u 33-3 0 39-00 R E 2
-
c 2･ 0.096
594 Sa u 35-00 40- 0 R _E 3 C2 0.064.
595 Sa u 35-3 0 39-00 R E 3 C 2 0.104
5 96･ Sa u .3 5-3 0 40-25 D E 2
. C3 0. 56
597 Sa u 35-00 4 0125 A Ⅰ 3 C4 0.2 08
5 98. Sa u 34-35 4 0
-30 R E 3 Cl 0.096
599 Sa u 33-00 37-06 R V 3 C l-･ 0.08_
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600 Sa u 36-30 41二o6 D -w 2 C3 0.088
601 Sa u 3 5-OO 37-30 D 面 2 C3 0 144
602 Satl 3 7-00 39-00 D W 2 ･C2 o 23云
603 Sa u 3 2-42 3 7-3 0 R Ⅴ 2 Cl
I
0 096
605 Ir a 3 7-05 49-50 F Ⅴ 1 Cl 0472
606 Ira 36-20 ･52-00 F Ⅴ 1 ･ C l 0 096
607 Ir a 28-2 0 56-4 0 R Ⅴ 2 C 2 0 016
608 ira 28-4 0 55-00 R や 3 C l O 104
609 Ir a 28-35 53- 0 F や 3 C l 0 08
610 Ir a 26-15･ 60-00 R Ⅴ
‾
3 C 2 -0 048
611 Ir a 26-50 60-15 F Ⅴ 3
‾
C l -0 032
612 Ir a 27-45 60- 0 F V 3 C l -0 024
615 ∫r a 28-00 59-30 R V
‾
3 Cl -0016
616 Ira 33-50 60-2 0 R W 2 C 2 0 032
617 Ir a 33-10 58-50 Ex4 0.024
618 Ir a 36-2 0 60-00 A I 1 C 4 0.088
619 Ir a 33-00 56-00 R V 3 C 2 -0.032
620 Ir a 34-00 56-30 R V 3 C 2 -0.008
621 Ir a 32-00 58-00 R V 3 C2 -0.04
623 Ir a 28-50 59-00 R V 3 C2 -0.024
624 ュr a 2.7-20 58-00 F V ■3 C l -0.016
625 ir a 27-10 54-25 R V 3 C l 0. 4
626 Ira 2 6-00 61-45 R V 3 C2 -0.05 6
627 Ir a 25-55 61- 00 R V 3 Cl -0.04
629 Ir a 3 0-3 0 49-20 R V 3 C l -0.024
-0.0463 0 Ira 26- 00 58-00 R V 3
､
c l
631 Ir a 26- 00 57-40 R V 3 C l▲
-0.032
-0.016633 ir a 28-0 0 62-00 R V 3 C2
634 Ir a 28-00. 62-40 R V 3 C2 -0.04
635 Ira 30-20 60-55 R V 3 C2 -0.048
63 9 Ir a 30-00 60- 5 F V 3 ■ C l -0.024
640 ir a 35-30 60-35 D W 2 C3 0.128
641 Ira 33.
-00 60115 F V . 丸
､
3 Cl 0.032
642 Ir a 33-30 58-00 R V 3 C2 0.008
643 Ir a 37-30 59-00 F W 3 C l 0.168
644 ir a 36-45 57-0 0 F V 2 C l 0.08
645 Ir a 36- 20 58-00 R V 2 C 2 0. 56
646 Ir a 35-3 0 52-00 R V 3 C 2 0.056
647 ュr a 36-3 0 52-30 A Ⅰ 2 C4 0.08
648 Ir a 37120 50- 0 A Ⅰ 2 C 4 o.208f
649 Tur 39-30 36-00 D W 2 C 3 o.28 f
650 Tu r 37-00 34-00 Ex2 o.152l
651 Tu r 40-00 3413 0 Ex.2 o.24 J
652 Tu r 39-50 34-00 D W 2 C3 o.25 6J
653 Tu r 3 8-30 34-05 D W 2 C3 o.2 l
65 4 Tu r 3 9-3 0 33-10 D W 2 C3 o.208l
655 Tu r 3 9-30 33-00 D W 2 C3 o.272l
65 6 Tu r 38-55 33-4 0 D W 2 C3 o.2481
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657 Tu r 38- 00 ･3 4-10 D W
.
2 C3 0.184
65 8 Tur 38-3 0 36-0 0 D W 2 C3 0.248
65 9 Tur 3白_ oo 33-0 0 D W 2 C 3 ■0.136
660 Tur 38-25 35-0 0 D W 2 C3 0.168
661 Tu r 38-3 0 36-0 0 R W 1. C2 0.248
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Ap pe md畳Ⅹ宜V
Cente rfo r-En vir o n m e ntalRem oteSe n sing(CE ReS), C hibaUniv ersity,Japa n
Inte rnatio n al Fo restIn stitute
,
Ru s sia nAc ade my ofP hysic al Scie n c e s, M o sc o w, Ru ssia
Nikolai 鑑ha rin a nd RyⅦtar oTate畳sh畳
P 誰 E N O T A‡G A
METH O D O L O G Y
I
FOR E Sl柑M Al柑ON O FTHE O P TI M AL
S EA S O N S OF A E R丑AL(SPA CE)P H O T OG R A P H IC M ISSIO N S
OF F O R E ST S IN R 町SS瓦A
The m ethodologyis bas ed o nphe n ologic al m aps(m aps of s e
.
a s o n al aspe cts)of fore sts
c o mpiled by NOA A/AVH RR lo w re s olutio ndata a nd o n e x ISting phe n ologlC al m aps,
the m atic m aps, clim aticdata a nd other s o u r c e s ofinfr m atio n･ The statu s ofphe n ologl C al
de v elopm e nt of fわr e st tr a cts w as e v aluated by 10 days N D VI im agery within1pixel, 1
mint in size･ But w e re c o m m e ndto us ethe m apsfor e stim atio nofa s e a s o n al sttu s.of
for e st oflargertr a cts, atle a st3Ⅹ3pixevls(24Ⅹ 24km)be c a u s e ofp s sible phe n ological
v ariabilty a nd err o rsin e stim atio n ofqo ordin ate s･ Thephen ologl C al m aps char acteriz e a
s e a so n alstatu s of for e st o ntheba sis oflo ngte rmdata(1982- 1999)I Phe n ologicalz o ning
ofthefor e st of Ru s siaisglV e nin Figu r el･
This m ap w a s c o mpiledo ntheba sis ofphe ndlogicalm aps a ndclim aticd,ata(N･ G･ R Larin,
1972, Atla s ofthe U SS R Fo re st , 1973)･ Char a cte ristlCS Ofallphe n ologicalr egio n s of
Ru s sia ar egivenin Tablel･ TheyIn clude :
- The m ainle ngthof 血egr o w l ngSe as o nindays,
- Lati仙din algr adie nt(the n u mber of days o nlate r s e a s o n alde v elopmentperlo of
tbelatitude),
- Altitudin algr adie nt(the n u mbe r of days o nlate r s e as onalde v elopm e ntperloom
ofaltitude), 一 寸 ､ー ㌦
- Lo ngitudin algr adie nt(the n u mber of daysinlate rs e as o n alde v elopm e ntperlo of
lo ng血de).
Table2 illu str ate sthe c o n c eptofc alc ulatio n ofthe optim als e a s o n s ofa erialphotogr aphy･
The optim als e as o n ofa erialphotogr aphyforforestin v e ntory a nd m appingbegin s after
starting period of full le afs e a s o n･ Du ringthe s u m m e rpeiodtr e e spe cie sha v ethehighe st
spe ctr al r efle cta n c ein visible a nd n e arin&ar edr egio n s ofspe ctru m. So, a e rial(spa c e)
photo s c an gl V e a Sta nda rd u nifbrm in for m atio n abo ut the c o mpo sitio noffor e st spe cies,
cr o w ndensitya ndsta仙s offわr e ststa nds, e v enifphoto s are u s ed in v astar e as･ Du ringthis
periodthe re c ogn ltl O nfe ature sfo ride ntific atio n ofgro und objects are m or e orle ssstable.
Phe n ologic al m aps ar egivenin Figtl r e S2･7･6(a),2･7.6(b),2.7.6(c),2.7.6(a),2.7.6(e).
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甘a払且e且
Phenologicalz o n lngOfthefo re st ofRu ssia
Nu mbe r
●
Na m es o甘
●
r eglO nS
Gr o w mgs e a s o m
●
G丑･ad豆e nts
Begin n i ng
●
End Le ngth,
ぬys
Latitl-
din al
A 且銭tⅦ _
din al
Lo ng1-
●
ttAdinal
I N orth Taiga of
Fen o-Sc andia
and East
Europe a nPlain
5.06 24.08 80 ＋3.2 十2.1 ＋o,ラ
2 M iddle Taiga of
EastEu r ope an
Plain
15.05 28.08 105 ＋2.3 ＋2.2 十0.3
3 So uthTaiga a nd
Mix ed For est
of East
Eu rope anPlain
3.05 6.09 126 ＋2.I ＋2
.
4 ＋0.1
4 TaigaFor est of
the Ural
5.05-
5.06
5.09 -
20.08
75-86 ＋2.3 十2.4 ＋0.2
5 No rth Taiga of
West Siberia
6.06 20.08 75 ＋2.2 ＋2.3 ＋0.3
6 Middle and
So uthTaiga of
WestSiberia
15.05 25.08 102 -1.9 ＋2.3･ ＋0.3
7 NorthFo rest of
M iddleSibe rian
Platea u
15.06 20.08 76 ＋2.3 十2.4 十0 3
8 M iddle Taiga of
M iddleSiberian
Platea u
31.05 2 0.08 8l ＋2
.3 十2.3
1
十0.3
9 Taiga ofthe
Altaiandthe
Sayan
Mou ntain s
31.05 20
. 8 81 ＋2.4 十2.4' ＋0.3
10 W o odland of
No rth Ea st
Siberia
10.06 10.08. 5 9 ＋2.3
ト 1
し
＋2.4 -0.4
ll For est ofthe
BaikalRegio n
5.06 20.08 75■ ＋き二3 ＋2.3 ＋0.3
12 Fore st ofthe
Far
East
31.05 3.09 95 ＋l.8 ＋2.6 ＋0.2
13 W oodlandof
D w arf Cedar
and Dw arf
Birchof
Ka m chatka
5.06 20.08 75 ＋2.4 十2.3 0.0
14 For e st ofthe
Sakhalin
3.06 28.08 83 ＋2.2 ＋2.0 0.0
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Ta払且e2
0 tim als e as o n sofa erial(spa c e)photogr aphy
J■Ⅶn e. Jtly -AugtlSt Septe mb.e r
1 2 3 I 2 ･3 1. 2 3 1 2 3
F P B
Ⅹ Ⅹ Ⅹ Ⅹ Ⅹ X Ⅹ
T T
Phe m ologic alm aps
FStarting pe riodoffull le afs e a s o n(fl e na m eF⊥F U L L･JP G in attached diskette)
P Peakperiod(file n a m eP_ P E A K･JP G in atta ched diskette)
BStaring periodofleafc olo r atio n(file n a m eB
_
C OL O R JPGin atta cheddiskette)
Estim atio 且 Ofthe optim als e a s o n s ofa eria且(spa c e)photogr aphy
X Optim alse as o n ofa e rial(spa c e)photographyfo rfo r estin v e nto ry a nd m apping
T Optim als e a s o n ofa erial(spa ce)photogr aphyfo r spe cialbiologic alin v e stigations
(as s e s s m e nt of biologic al pr odu ctivity, gr o wth a nd phyto m a s s of pla nt
c o m m u nitie s)
Butinthe e nd ofgr o wings e as o n, whe nthegr e e n chlo r ophyllpigm e nts ar elo st,thele a v es
in cr e a s e m arkedlytheir r ene cta n cein gr e e n r egio n ofspe ctrum (0.55mkm), a ndde cr e as e
itin n e arin&ar edr egio n(0･75- 1･35mkm)･ Autu m nala spe ctbegin slater. But the e nd of
the optim al s e as o nter min ate s10 days e arlierbefo r ethe begin n ing Ofle af c olo r atio n
(br o w n w a v e)∴
T he s e c o nd optim als e a s o nforspe cialbiologic alin v estigatio n sisindic atedbythe m ap of
pe akPe riod of le afgr o wth, a nditlasts abo ut20days. Thehighest v alu e s of N D V Iar e
r egister ed du ring this period, m a xim u mgr o wth oftr e e sin heightis also a char a cteristic
fe atu r e ofthisperiod.
Ou r r e c o m m e ndatio n s con c e rnalltype s ofre m ote s e n s o rsfun ctio n lngInvisible a nd ne ar-
in丘ared r egl O n S Ofspe ctru m･ Let
'
s co n side r2 e x a mple s ofc alc ulatio n ofthe optim al
s e as o n s ofae rial
.
(spa c e)photogr aphy.
1･ 塾 轡
A･ ∫n v e ntory a nd Mapplng･
First ofal
,
the u s e rs ofthis m ethodologyestim atethe c o ordin?te s of fo r e st tr a ctstobe
photogr aphed, by e xisting for e st m aps･ The minim al siz e ofthes etr a cts m u stha v e9
pix els.
TheyInput the c o o rdin atesin c o mpute r a nd m akethefolo wlng C alc ulatio n.
T hephe n ologic aldata in clude(fo r9pix els):
a･ Data oカstarting period of
.PLllleds e a so n
7 B 6E 6E
6E 6E 6 E
6E 6E 6 E
142
b･ D ata on sta rting pe riod ofle af
c oloration
9 M 9 B 9 M
9 M 9 M 9M
9 M 9 M 9 M
Ap peT2dix I V
The sequ e n c e ofc alc ulatio n :
1.
2.
3.
4.
5.
To e stim atethelate st10 daysperiod of fu ll1e afs e a s o n :7 B
To c alculatethebegl n nl ng Ofthe optim als e a s o n ofa erialphotography:
7B＋ 且(te ndaysperiod)- 7 M
To e stim atethe e arlier10 dayspe riod ofle afc olo r atio n :9B
To calc ulatethe e nd ofthe optlm als e as o n ofa erialphotogr aphy:
9 B- 且(ien 血ys甲eriod)
- S 監
To c alc ulatethetotalle ngth(りoftbe opti m als e as o n orae rialphotography:
L - 7 M＋ 7 E＋ S B＋ S M＋ S E- 5 te n血yspe riods.
N & In the so uthe rnpa rt oftheforestz o n ese v e r alpix elsbelongto agricultu ral la nds.
" Br o w n w av e
' '
appe ar sinthe s epl X elsin Augu st whe n agrlC ultu r alcrops ar e rlpe n lng.
Thatfa ctsho uld betake ninto c o n sideratio nby pla n nl ng Photogr aphic missio n s. The
are a ofagri c ultu ral la nds sho uld be e x cluded fro m a s es sm e nt ofthe optl m als e a s o n of
ae rial(spa c e)photogr叩bic mis sions･
2. 幽
幽 藍
The optim als e a s o n ofa erialphotographyfor as s e ssm e nt ofphytom as sis c alc ulated in
thefollo wing w ay(for9pix els):
c. Data on pe akpe riods
8B 8 B 8 M
8B 8 B 8 B
8B 8 B 8 B
The s equ e n c e ofc alc ulatio n :
1. To e stim atethelate st10daysperiod ofthepe aks e as o n :S M
2. To c alc ulate仇ele ngth of 也e optl m als e a s o n :
S M＋ 1te ndaysperiod
- 8 M＋ S E- 2 te nぬyspe riods
Other s e a s o n s ofthe ye ar arenot suitable o rle ss s uitab
'1e fo r a erialphotogr aphy,
e x c ept spe cialc a s e s whe n u se r s ofr e m ote s e n slng data n占eda specifl Cinfor m atio n
abo utfor e st stands o r abo utpr o c e s s e s o c c u rr ed in for e st e co syste m s･ In the s e c a s e s,
the glV e npbe n ologl C al m 叩S, in cluding 也e m ap ofthe starting period orgro w l喝
s e as o n
,
c a nbe u s ed.
w e als o w a nt to e mphasiz ethat fo u rphe n ologlC al m aps char acteriz e se as o n al
de v elopm e nt offo r e st du ringthegr o w i ngS e aS O n･ Ma ny pr a ctic alw orksinfor e stry
( m e a苧ur e s o nflre C O ntr Ol, pla nting tr e es,
c olle ctio n of s e eds offor e st spe cie s,
c ole cti o n Of m u shr o o m s and be rrie s, hu nting a ndpr ote ctio n of wildlife, etc･ )ar e
c a rried out a c c o rdingtothe se a s o n al rhythm s of forests･ Se a s o n al indicators ofthe s e
pr a ctic alm e asu re s v ary &o m regi o ntO r egl O n･ So,the a uthor s ofthe m apshopethat
m a ny for e ste rs a nd e c ologists Will fl nd in these m aps n e win dic ato rs for their
activitie s o nfo r e st m a n age m e nta nd n ature c o n s er v atio n･
Note : P he nologic alm aps a reglV e nin the atta ched diskette･
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